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 Abstract 
 
Musculoskeletal pain disorders (MDs) are common health problems and a leading cause of 
disability worldwide. Of these, low back pain (LBP) is the most common disorder, with a 
global prevalence of 23%, a figure expected to rise further in future. Persistent MDs, and in 
particular persistent LBP, occurring when pain lasts longer than three months, have a 
significant negative impact at physical, psychological, social and economic levels. Despite the 
magnitude of the problem, current treatments for persistent LBP have achieved limited 
success. One reason for the lack of effective treatments is a limited understanding of the 
complex experience of LBP that takes into account both the subjective experience of pain, as 
well as the neurophysiological mechanisms underpinning the development of this disorder. 
For this reason, prioritization of research into the individual experience of LBP in conjunction 
with the mechanisms of LBP is essential to reduce the burden of this condition at both the 
individual and societal levels. 
Psychosocial factors, particularly symptoms of depression and anxiety are widely accepted 
risk factors for the development and persistence of MDs, including LBP. However, these mood 
symptoms are often experienced alongside symptoms of agitation, irritability and tension, 
which characterize another less recognized emotional state termed “stress”. Although closely 
related to symptoms of depression and anxiety, research on the role of stress in MDs, 
particularly non-work related stress, is scarce. Thus, the overall aim of this thesis was to 
contribute to the body of knowledge investigating the subjective experience and physiological 
impact of stress on individuals with LBP using a diverse range of research methodologies. In 
order to address this overarching aim, four research studies were conducted.  
First, a systematic review was performed to summarize and critically appraise the evidence 
from studies examining the aetiology of non-work related psychological stress in the 
xvi 
 
development of persistent MDs. In order to answer this research question, studies were eligible 
if they included adults without musculoskeletal pain or in the acute stage of musculoskeletal 
pain (0-6 weeks) at baseline, measured non-work related stress at baseline and were 
prospective cohort studies, examining the development of a persistent MD (pain lasting longer 
than three months). Following a detailed systematic search of the literature, seven studies were 
included representing data from six independent cohorts. Assessments of methodological 
quality and the strength of evidence (using the GRADE approach) revealed a very low level 
of evidence to support the aetiological role of non-work related stress in the development of 
arthritis (two studies identified) and spinal pain (neck pain and low back pain – three studies 
identified) respectively. No study provided evidence to support the role of non-work related 
stress in the development of persistent multisite musculoskeletal pain or orofacial pain.  
In this systematic review, only one study identified a positive association between the 
aetiological role of early adverse childhood events and the development of persistent LBP in 
adulthood. Thus, findings from Study 1 highlight the absence of prospective longitudinal 
studies investigating the impact of stress, in adulthood, on the development of persistent LBP. 
This gap in the literature, in conjunction with the lack of existing qualitative studies on the 
role of stress in LBP, led the present thesis to take a step back, and explore the subjective 
experience of day-to-day stress in individuals with persistent LBP. This was achieved using 
Q-methodology, a mixed-methods approach, which aimed to identify shared viewpoints on 
the nature of day-to-day stress amongst sixty-one individuals with persistent LBP. This second 
study provided evidence that stress is a multifaceted and common experience in people with 
persistent LBP, that primary stressors vary between individuals and that stress is not always 
pain-related. In particular, data analyses revealed seven shared viewpoints that were 
summarised by four themes. In the first theme, participants perceived some level of stress, 
however, combined with an internal locus of control and agency over life and pain. In the 
xvii 
 
second theme, pain was perceived as the primary source of stress, whilst in the third theme, 
stress was caused by environmental factors and life responsibilities. In the fourth theme, 
negative and unhelpful cognitive patterns, that were not pain-related, were identified as 
primary stressors. Overall, data from Study 2 provided evidence that stress is commonly 
experienced in individuals with LBP, although these results remain limited to the subjective 
experience of stress in the persistent stages of LBP.  
Studies 3 and 4 aimed to extend the understanding of stress in LBP through the investigation 
of pain pathways and neurophysiological mechanisms underpinning stress at different phases 
of LBP. As there is evidence suggesting that stress has a neurophysiological impact on pain 
circuitry and, consequently, on pain perception, Study 3 examined the interaction between 
pain processing, including pain inhibitory modulation and stress-related factors in a cohort of 
individuals with acute LBP, using a cross-sectional design. In particular, these mechanisms 
were compared between individuals with acute LBP who also presented with comorbid 
persistent MDs outside the back (N = 29) and those who presented with acute, local LBP only 
(N = 29). In contrast to the study hypothesis, results from Study 3 revealed similar pain 
processing between the two groups, but poorer psychological health, including higher stress 
symptoms, in individuals with comorbid persistent MDs, compared with people who 
experienced acute LBP alone. Taken together, findings from Study 3 suggest that the presence 
of comorbid persistent musculoskeletal pain is more likely to be associated with poor 
psychological health, than greater impairment in central pain processing. Further longitudinal 
studies with larger sample sizes are required to investigate whether the association between 
persistent musculoskeletal pain and poor psychological health increase the risk of developing 
a new episode of LBP. 
Findings from Study 2 and 3 provided evidence that psychological stress is a common feature 
in individuals with both persistent LBP or acute LBP, particularly when this is associated with 
xviii 
 
comorbid MDs. However, as these studies were limited to cross-sectional designs using 
subjective assessments of stress, Study 4 was designed to investigate the neuroendocrine 
response to stress, in particular, the role of HPA function and its final product, cortisol, in the 
development of persistent LBP following an acute episode of LBP. Data from twenty-two 
participants with acute LBP (pain duration < 4 weeks) were included in the study. Individuals 
who did not recover from their LBP (N = 13) by 6-months follow-up had impaired HPA 
function, characterised by reduced cortisol secretion in the acute stage of LBP and a cortisol 
concentration that increased over time. In addition, individuals who did not recover presented 
more frequently with stress-related symptoms during acute LBP, compared with those who 
recovered (N = 9). These data demonstrate that HPA function is impaired in the acute stage of 
LBP in those who develop persistent pain. This altered mechanism could reflect a maladaptive 
response to chronic stress, already present in the acute stages of pain, contributing to the 
development of persistent LBP.  
The findings from the four studies conducted in this thesis provide novel insights into the 
subjective and neurophysiological role of stress in LBP. Although a paucity of available 
literature on the aetiological role of non-work related stress in the development of persistent 
LBP was identified in Study 1, Studies 2-4 highlighted that stress is a common experience in 
individuals with both acute and persistent LBP. In particular, during the acute stages of LBP, 
stress-related symptoms are not associated with altered pain processing. Conversely, stress 
symptoms and an impaired HPA function during acute LBP appear to be associated with LBP 
persistence at 6 months follow-up. Further research is required to confirm these findings, in 
particular using longitudinal designs with larger sample sizes. If confirmed, future studies are 
warranted to investigate the effect of stress-management programs during the early stages of 
LBP in order to prevent the development of this debilitating and challenging disorder. 
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 Thesis overview
 
Persistent musculoskeletal pain disorders (MDs), including low back pain (LBP), are leading 
causes of disability and economic burden worldwide (Balagué, Mannion, Pellisé, & Cedraschi, 
2012; Hoy et al., 2014; Vos et al., 2016). Despite the high global prevalence, mechanisms 
underlying persistence of MDs are poorly understood, leading to treatments that 
predominantly target only generic symptoms (Moulin, 2001). An extensive body of literature 
has identified psychological factors, in particular symptoms of depression and anxiety as risk 
factors for the development and persistence of MDs (Croft et al., 1995; Linton, 2001; Pincus, 
Burton, Vogel, & Field, 2002; Nahit et al., 2003; Kim, Wiest, Clark, Cook, & Horn, 2018). In 
psychology, these symptoms are often recognised as the consequence of exposure to prolonged 
periods of stress (Hammen, 2005). However, psychological stress has not received similar 
attention in the literature, and its relationship to the development and persistence of MDs 
remains unclear. As psychological stress is a complex subjective experience capable of 
eliciting changes in the nervous system (e.g. the autonomic nervous system) (McEwen, 1998; 
McEwen, 2007), investigation of both the subjective experience of, and the neurophysiological 
response to stress could provide useful insight into the role of stress in the development of 
MDs, including LBP. Thus, using a diverse range of research methodologies, the overarching 
aim of this thesis was to investigate the role of stress in individuals experiencing acute and 
persistent LBP.  
In order to achieve this aim, four research studies were performed (one systematic review, one 
study using a mixed-methods approach and two quantitative studies). Specific aims are 
outlined below for each study. Study hypotheses are outlined for the primary quantitative 
studies (Study 3 and 4).  
 
xx 
 
Study 1: 
Aim: to systematically review and critically appraise the evidence from prospective cohort 
studies examining the aetiology of non-work related psychological stress in the development 
of persistent MDs. 
 
Study 2: 
Aim: to identify shared viewpoints on the nature of day-to-day stress amongst people with 
persistent LBP. 
 
Study 3: 
Aim: to investigate whether pain processing (i.e. peripheral and central neuronal excitability 
and descending inhibitory pain modulation) and psychological health differed between 
individuals with acute LBP who presented with, and without, comorbid persistent 
musculoskeletal pain outside the low back. 
Hypothesis: that people with acute LBP, who were also experiencing comorbid persistent 
musculoskeletal pain would display i) increased  neuronal  excitability, including greater  
impairment in descending inhibitory pain modulation and ii) poorer psychological health, than 
people with acute LBP alone. In addition, a positive correlation between enhanced pain 
processing and stress symptoms in people with comorbid persistent musculoskeletal pain was 
hypothesised. 
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Study 4: 
Aims: i) to compare the cortisol awakening response and stress-related psychological factors 
in the acute stage of LBP between people who did, and did not recover from their pain at 6-
months follow-up and ii) to compare the cortisol trajectory (difference between baseline 
cortisol concentrations and 6-month follow-up) between those who did, and did not recover 
from their LBP. 
Hypothesis: that individuals who did not recover from their LBP would have a lower cortisol 
awakening response and reduced psychological health in the acute stage of pain, as well as a 
less accentuated decrease in cortisol concentration over time, compared with people who 
recovered. 
 
Each research study has been submitted as a stand-alone article to a peer reviewed journal: 
Journal of Pain (Study 1), Brain and Behaviour (Study 2), Pain Medicine (Study 3), Journal of 
Neuroendocrinology (Study 4). These articles are presented in Chapters 2 to 5. The findings 
from the four research studies are summarised and discussed “in toto” in Chapter 6 to provide 
an overview on the role of psychological stress in LBP. In chapter 6, limitations, clinical 
implications and future directions of the overall body of research are also discussed. 
The following chapter (Chapter 1) provides the scientific background and conceptual 
framework for the research, through a detailed review of the literature concerning the role of 
psychological stress and its neurophysiological response in the development and persistence 
of LBP. The chapter concludes with a summary of the research rationale underpinning each 
study. 
 
Chapter 1  
1 
 
 
 
 
 
 
 
 
 
 
Chapter 1: General Introduction 
 
This chapter provides an overview of the literature surrounding psychological stress and its 
relationship to musculoskeletal pain. The chapter focuses on understanding the 
neurophysiological response to acute and chronic (or prolonged) stress, and the adaptive and 
maladaptive impacts of psychological stress on the development and persistence of 
musculoskeletal pain, including low back pain (Figure 1.1). A critical review of the specific 
literature relevant to each research study is provided in the Introduction and Discussion 
sections of Chapters 2 to 5. 
 
 
Figure 1.1 Summary of the topics described in Chapter 1, depicting the relationship between 
the neurophysiological responses to stress and the development and persistence of 
musculoskeletal disorders, including low back pain. 
Psychosocial factors 
as risk factors for the 
development of 
musculoskeletal 
disorders
The understudied 
role of stress in 
individuals with 
musculoskeletal 
disorders
The 
neurophysiological 
impact of acute and 
chronic stress on pain 
mechanisms
The subjective 
experience of stress 
and its body response 
in individuals with 
low back pain 
Chapter 1  
2 
 
 
1.1 Musculoskeletal pain is a significant health problem 
According to the International Association for the Study of Pain (IASP), pain is defined as “an 
unpleasant sensory and emotional experience associated with actual or potential tissue 
damage, or described in terms of such damage” (p. 2420) (Williams & Craig, 2016). Thus, 
pain is a biopsychosocial and subjective experience, characterized by a combination of 
changes in sensory-motor information, central processing, pain-related behaviours, emotions 
and beliefs (Gatchel, Peng, Peters, Fuchs, & Turk, 2007). Pain can be categorised as acute, for 
example immediately following injury or trauma, or persistent, when pain lasts beyond the 
time expected for tissue healing (typically three months or longer) (van der Windt et al., 2000). 
In the acute stages, pain acts as a physiological response to noxious stimuli, providing a 
warning signal for bodily harm. However, when pain becomes persistent, it loses the role of 
body protection and can persist in the absence of tissue damage, reflecting underlying 
physiological changes that go beyond the nociceptive system (Mifflin & Kerr, 2014). Such 
changes involve the central nervous system, including the autonomic and neuroendocrine 
nervous systems. 
Musculoskeletal pain disorders (MDs) - referring to pain arising from muscles, tendons, 
ligaments, bones, joints and related tissues (Treede et al., 2015) - are a leading cause of 
disability, estimated to affect 1.3 billion people worldwide (Vos et al., 2016). Of all MDs, low 
back pain (LBP) is the most common condition, with the 6th highest disease burden of all 
health conditions and a global prevalence of approximatively 23% (Balagué et al., 2012; Hoy 
et al., 2014). Musculoskeletal pain disorders are more prevalent than 40 years ago (Harkness, 
Macfarlane, Silman, & McBeth, 2005), increasing by 20 % between 2005 and 2015 (Vos et 
al., 2016), a  figure which is expected to rise further in the future (Brooks, 2006). The high 
global prevalence has a huge economic impact, both in terms of costs associated with health 
provision and in terms of lost productivity (Brooks, 2006).   
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In Australia, MDs are considered the country’s 7th national health priority (Hazes & Woolf, 
2000), costing 55 billion Australian dollars in 2012 (Arthritis and Osteoporosis Victoria, 
2013). The cost of treating LBP alone is over one billion per year in Australia, with indirect 
costs (e.g. for absence from work) estimated at over eight billion Australian dollars (Maher, 
Underwood, & Buchbinder, 2017). 
Due to their complex nature, persistent MDs have a significant negative impact on people’s 
physical and mental health, social participation and personal relationships. In particular, 
persistent LBP is known to have substantial negative consequences for sufferers resulting in 
fear-avoidance behaviours, kinesiophobia, pain catastrophizing thoughts and mood disorders, 
such as depression and anxiety (Waddell, Newton, Henderson, Somerville, & Main, 1993; 
Picavet, Vlaeyen, & Schouten, 2002; Demyttenaere et al., 2007).  
LBP is known to have a favourable prognosis in the majority of cases, and resolves within the 
first six weeks from onset (da et al., 2012). In these cases, conservative and medical treatments 
(e.g. using non-steroidal anti-inflammatory drugs or manual therapy) can assist positive 
outcomes (Bernstein, Malik, Carville, & Ward, 2017). However, when LBP persists, 
underlying mechanisms are less well understood, with only 10% of all cases attributable to a 
specific cause (e.g. spinal canal stenosis or radicular pain) (Maher et al., 2017). The remaining 
90% of cases have no identifiable cause, such that the disorder is identified as non-specific 
LBP (Maher et al., 2017). 
Despite the magnitude of this problem, current treatments for persistent LBP achieve limited 
success (Machado, Kamper, Herbert, Maher, & McAuley, 2009; Kamper et al., 2015; Qaseem, 
Wilt, McLean, & Forciea, 2017). For example, a meta-analysis of placebo-controlled 
randomized trials revealed that only fifty percent of treatments for non-specific LBP had some 
analgesic effects,  but that for most  of  these interventions  the effects  were low or moderate  
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(Machado et al., 2009). Another meta-analysis evaluating the long-term effects of 
multidisciplinary biopsychosocial  rehabilitation for patients with persistent LBP, identified a 
small positive effect in pain reduction equivalent to 0.5 points in a 10 point pain scale and 
disability reduction equivalent to 1.5 points in the 24 point Roland-Morris index (Kamper et 
al., 2015). One explanation for the lack of effective treatments is a limited understanding of 
the complex experience of persistent LBP, in conjunction with a limited understanding of the 
neurophysiological mechanisms that underpin the development of persistent LBP. 
Prioritization of research into the individual experience and mechanisms of LBP is essential 
to reduce the burden of this condition at both the individual and societal levels. 
 
1.2 Psychosocial factors in musculoskeletal disorders 
According to the World Health Organization, mental health is defined as “a state of well-being 
in which the individual realizes his or her own abilities, can cope with the normal stresses of 
life, can work productively and fruitfully, and is able to make a contribution to his or her 
community” (Galderisi, Heinz, Kastrup, Beezhold, & Sartorius, 2015). However, under 
certain circumstances, for example in low socio-economic environments or in stressful 
workplaces, mental well-being may decrease, which in turn may lead to mental disorders, such 
as anxiety or depression.  
Mental disorders are the result of the interaction between biological factors (e.g. genetics), life 
circumstances (e.g. negative life events) and social and psychological factors (termed 
psychosocial) (Kinderman, 2005).  Psychosocial factors can be divided into extrinsic (e.g. 
social support) and intrinsic (e.g. personality characteristics). The latter can be further 
categorized into positive factors, that enhance mental well-being (e.g. coping skills, sense of 
coherence and perceived control over life), and negative factors that reduce mental well-being  
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and increase the risk of disease, such as negative emotions (e.g. anxiety or sadness) or negative 
cognition (e.g. hopelessness) (Nilsson & Kristenson, 2010). Psychosocial factors are widely 
accepted as risk factors for the development and persistence of MDs. Psychosocial factors are 
commonly termed “yellow flags” in clinical practice, and include expectations of passive 
treatments, fear-avoidance behaviours, catastrophizing thoughts, social withdrawal and other 
negative emotional symptoms, such as prolonged sadness or anxiety (Stewart, Kempenaar, & 
Lauchlan, 2011). International clinical guidelines have acknowledged the association between 
yellow flags and poor prognosis of MDs and the screening of psychosocial factors is 
recommended in the early stages of these disorders (Miller, Chen, & Zhou, 2007; Koes et al., 
2010). 
Of all the psychosocial factors investigated in this field, depressive and anxiety symptoms and 
symptoms of distress (i.e. a combination of depressive and anxious symptoms), have been 
identified to play a crucial role in the development and persistence of MDs (Magni, Moreschi, 
Rigatti-Luchini, & Merskey, 1994; Pincus et al., 2002; Nahit et al., 2003; Mallen et al., 2007; 
Osborne et al., 2012; Andorsen, Ahmed, Emaus, & Klouman, 2017). Depressive symptoms 
are characterised by prolonged sadness and a loss of interest in activities that were previously 
considered enjoyable, whilst symptoms of anxiety refer to feelings of restlessness, a sense of 
dread, and feeling constantly on “edge” (from the National Health Service website, UK).  
A recent systematic review investigating physical and psychological risk factors for a first 
episode of neck pain, identified depressed mood as the strongest risk factor for developing 
neck pain, with an odds ratio (OR) of 3.36 (95% CI 1.10–10.31) (Kim et al., 2018). Similarly, 
other population-based cohort studies have identified distress as a predictor for future new 
episodes of LBP (adjusted OR, 1.8 (95% CI 1.4-2.4)) (Croft et al., 1995), shoulder, 
wrist/forearm, and knee pain (OR, 2.1 (95% CI 1.6-2.7)) (Nahit et al., 2003), as well as a risk  
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factor for pain persistence in both LBP and neck pain  (Linton, 2000; Ramond et al., 2011; 
Pincus & McCracken, 2013). Although symptoms of depression and anxiety are widely 
recognised as risk factors in the field of MDs, these mood symptoms are often experienced 
alongside symptoms of agitation, irritability and tension, which characterize another less 
recognized emotional state termed “stress” (Lovibond & Lovibond, 1995). Additionally, 
studies have reported that depressive and anxious symptoms are often the consequence of 
exposure to chronic or repeated stress (Hammen, 2005). Notably, although the symptoms of 
depression, anxiety and stress are closely related, there is a paucity of research on the role of 
stress in MDs, particularly in LBP. A better understanding of the influence of stress on the 
development and persistence of LBP would provide useful information for researchers and 
clinicians in order to develop more tailored interventions. 
 
1.3 Definition of stress and the neurophysiological stress response 
1.3.1 Definition and prevalence of stress  
Stress is defined as an emotional state evoking a physiological response to a particular 
stimulus (or stressor) that varies according to an individual’s ability to cope  with the stressor  
(Lazarus, 1993). In psychology, the term stressor is used to denote the agent causing stress, 
whereas stress corresponds to the reaction or response to the agent (Lazarus, 1993).  Four 
phases have been previously identified to explain the psychological stress process in humans: 
i) causal internal or external agent (or stressor); ii) the individual evaluation process 
distinguishing what is threatening from what is harmless; iii) coping processes to deal with 
the stressor; iv) a pattern of effects in the body termed “stress reaction”  (Lazarus, 1993). 
Stress is not always a negative emotional state. As such, stress has been described as a 
multidimensional  emotional  state  that  can  be raised either from a pleasant event, or from a  
Chapter 1  
7 
 
 
threat or harm.  Positive  or  good  stress (termed eustress)  refers to pleasant experiences (e.g. 
winning a race)  or positive challenges  resulting  from  demands that  we feel confident about 
overcoming (McEwen, 2007). Eustress is commonly of limited duration and provides a sense 
of satisfaction and accomplishment (McEwen, 2007). On the other hand, negative stress refers 
to experiences where a sense of control and mastery is lacking, and is often prolonged or 
recurrent and emotionally draining (McEwen, 2007). Negative stress is generally perceived as 
a threat (anticipation of harm that has not yet taken place but may be imminent) or harm (e.g. 
experiencing a negative event in life). Depending on the type or duration of a stressor 
(challenge, threat or harm), different neurophysiological reactions can occur with positive or 
negative consequences in the body (e.g. increased or impaired immune system activity) 
(Lazarus, 1993). 
Negative stress can affect physical and mental health and is one of the biggest issues facing 
modern society at a global level, due to an increasing number of people perceiving high levels 
of pressure and demands either at work or in their family environment (Kalia, 2002). The 
Global Burden of Disease Survey estimates that mental diseases, including stress-related 
disorders, will be the second leading cause of disability by the year 2020 (Kalia, 2002). 
According to the American Institute of Stress, 75 to 90% of all doctor visits are now stress-
related (Kalia, 2002). In addition, studies report that 1 in 4 American workers suffer from a 
mental health problem rooted in stress (Kalia, 2002). In Australia in 2007, 35% of men and 
42% of women reported feeling always or often rushed or pressed for time in their everyday 
lives (Australian Bureau of Statistics), which are characteristics indicative of being stressed 
and emotionally exhausted (Teuchmann, Totterdell, & Parker, 1999). In addition, according 
to the Australian Bureau of Statistics, between 2014 and 2015, around one in nine Australians 
aged 18 years and over experienced symptoms of stress such as nervousness, agitation, and 
psychological fatigue, with the highest rate reported by women aged 18-24 years. In the UK,  
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12.5 million  working  days  lost between  2016 and 2017 were due to stress-related disorders 
and  526  thousand  workers  reported  suffering  from  work-related  stress  or  stress-related 
conditions (from the National Health Service website, UK).  
 
1.3.2 The flight-or-fight response 
The hallmark of the stress response to a sudden threat or a dangerous situation is the activation 
of the sympathetic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis 
(McEwen, 1998). This response, termed “flight-or-fight”, was first described in the 1920s by 
the American physiologist Walter Cannon and represents a survival mechanism to prepare the 
body to react quickly to danger (i.e. flight or fight) (Johnson, Kamilaris, Chrousos, & Gold, 
1992; Lazarus, 1993). Thus, in response to sudden (or acute) stress, the sympathetic nervous 
system releases hormones and chemical mediators (e.g. catecholamines) with consequent 
physiological reactions and changes throughout the body (e.g. increased blood pressure) 
(McEwen, 1998; Cohen, Janicki-Deverts, & Miller, 2007). However, when perceived or actual 
stress persists and the danger does not cease, the physiological response to stress can become 
maladaptive, with damaging long-term effects on an individuals’ health (Hannibal & Bishop, 
2014).  
 
1.3.3 Neurophysiology of the Acute Stress Response 
The acute stress response refers to the dynamic regulatory process, termed allostasis, by which 
the  body reacts to stressors and,  by activating the autonomic nervous system,  including the 
HPA  axis,  achieve  body  homeostasis (McEwen, 2007). When a threat or danger is perceived, 
the sympathetic nervous system activates first, initiating an immediate response and 
stimulating  the  adrenal  medulla  to  release  adrenergic catecholamines, norepinephrine and   
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epinephrine  into  the blood  flow  (Schneiderman,  Ironson,  &  Siegel,  2005).  Physical and 
behavioural reactions then occur, such as increased blood pressure, heart and respiratory rates, 
enhanced arousal, vigilance and focused attention (Johnson et al., 1992). At the same time, 
energy consuming functions (e.g. digestion, reproduction, growth) are temporally suppressed, 
as oxygen and nutrients are redirected to the body areas most affected by stress (e.g. central 
nervous system) (Johnson et al., 1992; Schneiderman, Ironson, & Siegel, 2005).  
Following the sympathetic response, the neuroendocrine response occurs through activation 
of the HPA axis. The paraventricular nucleus of the hypothalamus activates releasing 
corticotrophin-releasing hormone (CRH) (Schneiderman et al., 2005). This hormone triggers 
the release of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland, which 
stimulates the release of cortisol from the adrenal cortex (Figure 1.2) (Schneiderman et al., 
2005; Stephens & Wand, 2012).  
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Figure 1.2 The stress response system. The figure illustrates the neuroendocrine response 
through activation of the HPA axis following acute stress (source: Brie Wieselman, via 
https://briewieselman.com/adrenal-fatigue-part-3-adrenal-fatigue-is-actually-a-brain-
problem/. With permission from the author). In the presence of a stressor, the hypothalamus 
activates, releasing corticotrophin-releasing hormone (CRH). This hormone triggers the 
release of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland, which, in 
turn, stimulates the release of cortisol from the adrenal cortex. Once bound with 
glucocorticoid receptors, cortisol acts as a regulator of the inflammatory processes of the 
immune system. 
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Thus, the neuroendocrine response induces effects that are slightly delayed compared to the 
sympathetic response. In fact, cortisol levels rise approximately 15 minutes after the onset of 
acute stress, remaining elevated for several hours. Elevated levels of cortisol, during a threat 
or imminent danger, function to mobilize glucose for boosting energy (Schneiderman et al., 
2005),  and,  once  bound  with  glucocorticoid  receptors,  regulate  the magnitude and duration 
of the inflammatory response (Miller et al., 2007; Hannibal & Bishop, 2014). Finally, when 
the danger or threat has ceased, the HPA axis and the sympathetic system slowly return to 
base-line levels (Figure 1.3). 
 
 
 
 
Figure 1.3 Illustrates the normal physiological response (i.e. allostasis) to a stressor. The 
allostatic response increases following a stressor, remains sustained for a certain time until 
it slowly decreases and turns off (Source: reprinted from Physiological Reviews, McEwen BS. 
Physiology and neurobiology of stress and adaptation: central role of the brain; 87(3):873-
904. Copyright (2007), with permission from The American Physiological Society). 
 
Normal allostasis 
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1.3.4 Neurophysiology of the Chronic Stress Response 
Chronic stress has been previously defined as an excess of negative events in the past six 
months (Pancner & Jylland, 1996). Moreover, different to acute episodes of stress, chronic 
stress occurs following continuing negative environmental circumstances, such as poor 
working conditions, financial difficulties, absent, intermittently or chronically difficult 
relationships with significant others (Hammen, Kim, Eberhart, & Brennan, 2009). When a 
stressor persists for a prolonged period of time, chronic stress may occur, leading to the so-
called “wear and tear on the body”, also termed allostatic load or overload (McEwen, 2007). 
Thus, allostatic load is defined as a maladaptive dysregulation (i.e., over-activity or inactivity) 
of physiological systems (autonomic and endocrine systems such as immune system and HPA 
axis) that are normally involved in the adaptation to environmental challenges (McEwen & 
Gianaros, 2010). Allostatic load leads to abnormal physiological responses to stress that differ 
between individuals (McEwen, 2007). As postulated in McEwen’s model (McEwen, 2007) 
there are four types of responses to repeated stressors, one adaptive and three maladaptive: i) 
normal adaptive response (Figure 1.3 A, line in red), ii) lack of adaptation (Figure 1.4 A, line 
in blue), iii) prolonged response due to delayed shutdown (Figure 1.4 B), iv) inadequate (i.e. 
too low) allostatic response (Figure 1.4 C).  
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Figure 1.4 (A-C) Different types of responses to allostatic load (i.e. stress responses following 
repeated stressors). The Physiological Response of the vertical axes refers to the overall level 
of allostatic response involving the sympathetic nervous system and the HPA axis. (Source: 
reprinted from Physiological Reviews, McEwen BS. Physiology and neurobiology of stress 
and adaptation: central role of the brain; 87(3):873-904. Copyright (2007), with permission 
from The American Physiological Society). ST = stressor. 
Figure 1.4 A: The line in red represents 
the normal, adaptive response to 
repeated stressors. The line in blue 
represents the first type of maladaptive 
response, characterised by an 
enhanced physiologic response to 
repeated stressors.   
 
Figure 1.4 B: The line in blue represents 
the second type of maladaptive 
response to repeated stressors whereby 
the physiological response remains 
active due to delayed shut down, failing 
to return to baseline levels once the 
stressor has ceased. 
 
Figure 1.4 C: The line in blue represents 
the third type of maladaptive response 
to repeated stressors whereby the 
physiological response is lower than 
normal. 
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Regardless of the way in which a maladaptive response occurs, allostatic load (i.e. the lack of 
adaptation to repeated stressors) leads to disruption of the HPA axis and, consequently, to 
cortisol dysregulation. As such, cortisol dysregulation can present in two forms, depending on 
the individual response to prolonged stress: cortisol upregulation (excessive cortisol secretion) 
or cortisol downregulation (reduced cortisol secretion) (Figure 1.5). In the first form, persistent 
cortisol upregulation (i.e. hypercortisolism) leads to a cascade of physiological mechanisms 
causing increased inflammation and stimulation of the immune system (Tsigos & Chrousos, 
2002; Silverman & Sternberg, 2012). Specifically, excessive cortisol leads to resistance or 
damage to glucocorticoid receptors that, in turn, impedes cortisol binding (Hannibal & Bishop, 
2014). As a result, impaired binding reduces the effectiveness of the negative feedback loop 
of the HPA axis that normally prevents the continuous release of corticotrophin-releasing 
hormone (CRH). Consequently, increased peripheral levels of CRH activate inflammatory 
mast cells and stimulate the release of pro-inflammatory mediators, such as norepinephrine 
(Silverman & Sternberg, 2012; Hannibal & Bishop, 2014). 
In the second form, cortisol production is significantly reduced (hypocortisolism) (Figure 1.5). 
Although the process by which hypocortisolism evolves remains unclear, it has been 
hypothesized that hypocortisolism may develop to over-compensate for the initial cortisol 
hypersecretion, and protect the body from the damaging effects of continuous cortisol release 
(Edwards, Heyman, & Swidan, 2011). Thus, increased sensitivity of the HPA axis to the initial 
excessive cortisol may occur, causing enhanced negative feedback control that impedes the 
production of further cortisol (Edwards et al., 2011). Similar to the consequences of 
hypercortisolism,  the loss of counter-regulation by normal cortisol production caused by 
hypocortisolism may enhance the pro-inflammatory response and activate the immune system, 
and subsequently increase vulnerability to developing chronic disorders, including 
autoimmune diseases, mood disorders and chronic pain (Edwards et al., 2011).  
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Figure 1.5 Normal diurnal cortisol regulation compared to the two forms of cortisol 
dysregulation: Hypercortisolism (i.e. excessive secretion of cortisol during the day) and 
Hypocortisolism (i.e. insufficient diurnal secretion of cortisol). 
 
1.3.5 Cortisol dysregulation in chronic illnesses 
Cortisol is thought to be a critical biological intermediary in different body systems including 
the central nervous system and immune system. In particular, cortisol dysregulation is 
hypothesized to be a primary mechanism and gateway for disease development (Miller et al., 
2007, Chrousos 2009), thereby exposing bodily tissues to elevated or deficient concentrations 
of the hormone (Miller et al., 2007).  
Studies have reported that elevation or reduction of cortisol depends on the condition. For 
example, blunted cortisol levels have been identified in rheumatoid arthritis (Chikanza et al., 
1992), chronic fatigue syndrome (Scott et al., 1998), and post-traumatic stress disorder 
(Meewisse et al., 2007), whereas enhanced cortisol levels have been detected in depression 
and schizophrenia (Miller et al., 2007).  
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In addition, it has been postulated that differences in cortisol levels depend on the course of 
the threat. Shortly after stress has begun, the HPA axis may become hyper-activated, resulting 
in elevated cortisol secretion. However, over time, if the stressor persists, the body may build 
a counter-regulatory response, such that cortisol secretion results in concentrations below 
normal values (Miller et al., 2007). In certain cases, even when the stressor is no longer present 
(e.g. in post-traumatic stress disorders), the individual may display a dysregulated cortisol 
response characterized by lower than normal cortisol secretion (Miller et al., 2007). 
 
1.4 The role of stress in pain 
The relationship between pain and stress has been investigated in numerous studies. In 
particular,  cross-sectional  studies  have  identified  people  with  a  variety  of  chronic  pain 
disorders suffering from high psychological stress (Uveges et al., 1990; Diepenmaat, Van der 
Wal, De Vet, & Hirasing, 2006; Van Uum et al., 2008). However, the relationship between 
pain and stress appears bidirectional, with stress and pain being interdependent mechanisms  
(Chapman, Tuckett, & Song, 2008).  
 
1.4.1 Neurophysiological effect of acute pain and stress-induced analgesia  
Physical pain acts as a stressor in itself that, in acute conditions, activates mechanisms that 
overlap with the acute stress response (Melzack, 1999). When an injury occurs, sensory 
information travels to the brain to be processed, and, at the same time, the stress response 
initiates a cascade of events to restore biological homeostasis (Melzack, 1999). First, cytokines 
are released in  the injured  tissue  producing local inflammation. Second, cytokines enter the  
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bloodstream and reach the hypothalamus that, together with the subjective experience of pain 
as a stressor, stimulate the HPA  axis  to increase  cortisol secretion, activate other endocrine 
glands (i.e. thyroid and gonadal glands) (Melzack, 1999) and drive the release of other relevant 
hormones and endogenous opioids (Melzack, 1999). 
In particular, elevated cortisol plays an important role in the regulation of inflammatory 
responses, by suppressing the immune system (Segerstrom & Miller, 2004), reducing pro-
inflammatory cytokines and histamine secretion (Stephens & Wand, 2012), as well as 
modulating the pain inhibitory system (Butler & Finn, 2009). The latter mechanism, termed 
stress-induced  analgesia,  occurs  during  an  acute episode of stress or injury, and is mediated 
by the activation of descending inhibitory pathways, involving different brain regions, 
brainstem and spinal cord and resulting in the release of neurotransmitters and neuropeptides, 
such as GABA, glycine, vasopressin, oxytocin, adenosine, endogenous opioids, and 
endocannabinoids (Butler & Finn, 2009).  
 
1.4.2 Neurophysiological influence of chronic stress in pain 
During an acute stress response, elevated cortisol levels mobilize glucose into the bloodstream 
and break down muscle proteins to provide accessible energy for use in the flight or fight 
response. However, when stress persists, the continuous and abnormal secretion of cortisol 
has deleterious effects on the nervous system that may form a background for the development 
of recurrent or chronic pain disorders (Melzack, 1999). In particular, in MDs, authors have 
postulated that a previous muscle strain or injury may become a trigger area, vulnerable to 
subsequent minor injuries or pain flare-ups, especially during prolonged high levels of stress 
(Melzack, 1999). As such, prolonged stress associated with cortisol hypersecretion may 
provoke resistance of glucocorticoid receptors and, consequently, increase the release of pro- 
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inflammatory neurotransmitters (e.g. norepinephrine) that, in turn, may cause peripheral 
muscle  nociceptor-sensitization and  local  muscle  tension  reactions that stabilize and do not 
return to a relaxed state (Wippert & Wiebking, 2018). Alternatively, the hypo-function of the 
HPA axis and insufficient cortisol levels, after prolonged stress, may cause a reduction of 
descending anti-nociceptive serotonergic and noradrenergic pathways (Wippert & Wiebking, 
2018).  
As previously mentioned in section 1.3.4, chronic stress can alter the normal cortisol response 
with a negative effect on the immune system, pain and fatigue level (Hannibal & Bishop, 
2014). Further, cortisol dysregulation (either  hypocortisolism  or hypercortisolism) has been 
well documented in persistent pain syndromes, such as fibromyalgia, chronic fatigue 
syndrome, and irritable bowel syndrome (Hannibal & Bishop, 2014). Nevertheless, although 
the HPA axis appears to be involved in persistent pain, it is unclear whether HPA axis 
abnormalities predispose to persistent pain syndromes or whether persistent pain disorders 
alter the HPA axis over time (McEwen & Kalia, 2010).  
Conflicting findings have been reported regarding the role of cortisol dysregulation in the 
development of MDs. For example, a previous prospective cohort study identified a predictive 
association between baseline hypocortisolism and the onset of persistent widespread 
musculoskeletal pain at follow-up in a psychologically at-risk group (McBeth et al., 2007). In 
contrast, in a large longitudinal study, where no specific characteristics were selected as 
inclusion criteria, alterations of the HPA axis, immune system and the autonomic nervous 
system did not predict the onset of persistent multisite musculoskeletal pain (Generaal et al., 
2016). However, adverse life events independently predicted the onset of this disorder, 
suggesting that stress may trigger the development of this condition through other 
psychological mechanisms.   
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Finally, a study involving individuals with LBP and individuals with temporomandibular pain 
of less than six months  duration  at baseline investigated whether  cortisol dysregulation at 
baseline predicted pain severity after three months (Garofalo, Robinson, Gatchel, & Wang, 
2007). Results indicated a positive association between high cortisol levels at baseline and 
pain severity at follow-up in individuals with temporomandibular disorders, whilst a negative 
relationship was identified between low cortisol levels at baseline and pain severity in 
individuals with LBP. Although a key limitation of this study was the inclusion of participants 
with a broad range of pain durations at baseline (pain of any duration up to 6-months), these 
findings suggest that i) cortisol dysregulation may have a predictive role in the development 
of some persistent MDs and ii) that cortisol dysregulation may vary in direction (hypo vs 
hypercortisolism) across different pain disorders. 
 
1.4.3 The influence of pain on stress: the Mutual Maintenance Model 
Although some authors have identified a predictive role of stress in the development of MDs, 
others have suggested that pain is a stressor in itself (Chapman & Gavrin, 1999). Thus, both 
symptoms (i.e. stress and pain) may coexist and be characterised by a reciprocal relationship 
(Sharp & Harvey, 2001). This relationship is explained by the mutual maintenance model. In 
particular, this model has been proposed in post-traumatic stress disorder (PTSD), a condition 
involving exposure to trauma and causing high levels of stress (Sharp & Harvey, 2001). 
According to this model, the cognitive and affective components of persistent pain (e.g. pain 
avoidance, attentional biases, depression) exacerbate symptoms of PTSD, whilst PTSD related 
symptoms (e.g. the memory of the trauma) increase or maintain pain symptoms. The co-
occurrence of persistent pain in PTSD has been largely reported in cross-sectional studies. For 
example, up to 80% of combat veterans and individuals following road accidents, and, who 
were   diagnosed  with  PTSD,   reported   persistent  pain  (Beckham et al., 1997).  Similarly,  
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50% of individuals suffering from MDs, such as whiplash disorder or fibromyalgia, have been 
identified to have PTSD symptoms (Sherman, Turk, & Okifuji, 2000; McLean, Clauw, 
Abelson, & Liberzon, 2005). In order to clarify the temporal relationship between stress and 
persistent pain, a more recent longitudinal study on injured accident survivors (N = 323) 
investigated the influence of pain versus PTSD symptoms and vice versa, over a period of 12 
months, utilising structural equation modelling (cross-lagged panel analysis) (Jenewein, 
Wittmann, Moergeli, Creutzig, & Schnyder, 2009). This statistical paradigm is used to define 
directional relationships between variables over time, usually using longitudinal data. 
Jenewein et al’s study (2009) demonstrated a mutual maintenance of pain intensity and PTSD 
symptoms within the first six months following the trauma. However, at 12-months follow-
up, pain intensity was significantly influenced by PTSD symptoms after six months, but not 
vice versa. Similarly, another longitudinal study (N = 824) on injured patients over a year, 
provided evidence of mutual maintenance between PTSD symptoms and pain, mainly in the 
sub-acute stage following injury (Liedl et al., 2010). Specifically, pain after 12 months was 
mediated by arousal symptoms at 3 months and the relationship between baseline and 12-
month PTSD symptoms, was mediated by 3-month pain intensity.  
Thus, results from both studies demonstrate that pain may represent a risk factor for 
exacerbating or maintaining PTSD symptoms, but only in the early stages following a 
traumatic or highly stressful event. However, it is worth noting that although PTSD is 
considered a stress-related disorder, it is defined as a psychiatric disorder by the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-III; American Psychiatric Association, 
1980), while psychological stress is a mood state that does not fall into this category (i.e. a 
psychiatric disorder). Thus, the applicability of these findings in individuals with stress 
symptoms, only, and pain needs to be interpreted with care.  
Finally, a longitudinal study on 305 nurses  investigated  the relationship between  work stress,  
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assessed using the effort–reward imbalance (ERI), and the development of musculoskeletal 
pain, including LBP, over a period of 12 months (Bonzini et al., 2015).  Results revealed that 
in nurses with ERI ≤ 1 at baseline, ERI > 1 (indicating work stress symptoms) at follow-up 
was associated with baseline report of low back, neck and shoulder pain. Conversely, 
associations of work stress at baseline with pain at follow-up were weak. These findings 
resonate with the results of the studies on PTSD, suggesting, that, pain can be regarded as a 
stressor in itself and that, individuals who report pain, in the early stages after a trauma or at 
work, may be more likely to develop stress symptoms in the future. 
 
1.4.4 The influence of stress on central pain processing 
Depending on the type and duration of the stressor, high levels of stress can induce changes 
in central pain processing, altering pain threshold by either reducing (hypoalgesia or analgesia) 
or exacerbating  pain (hyperalgesia)  (McEwen & Kalia, 2010). Acute stress has been widely 
studied in animal models (Table 1.1) where a stressful stimulus, unconditioned (e.g. include 
footshock, forced swimming, cold water immersion, exposure to a novel arena, or predators 
such as biting mice) or conditioned (e.g. fear-conditioned analgesia) is used to generate stress-
induced analgesia before or during exposure to a noxious stimulus (Butler & Finn, 2009). 
Stress-induced analgesia has a well-accepted role in pain as a natural stimulus triggering pain 
inhibition (Terman, Shavit, Lewis, Cannon, & Liebeskind, 1984) and modulating the release 
of endogenous opioids (McEwen & Kalia, 2010) and non-opioid mechanisms (e.g. 
cholinergic, histamine, endocannabinoids) (Terman et al., 1984). Conversely, chronic stress 
appears to have the opposite effect on pain perception and pain threshold and is responsible 
for stress-induced hyperalgesia (Martenson, Cetas, & Heinricher, 2009). Although the 
neurobiological  basis for this phenomenon is unclear (Martenson et al., 2009), stress induced  
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hyperalgesia has been produced in numerous animal models by prolonged or repeated 
exposure to stressors (Gamaro et al., 1998; Quintero et al., 2000; da Silva Torres et al., 2003; 
Imbe, Iwai-Liao, & Senba, 2006; McEwen & Kalia, 2010) (Table 1.1).  
For example, one study investigating the effect of restraint for 40 days in rats, identified  
hyperalgesia (i.e. tail-flick latency decreased) that remained present for 28 days after the 
suspension of the stressor (da Silva Torres et al., 2003). Interestingly, when morphine was 
injected at the end of the 40 days of restraint, the stressed rats displayed reduced analgesic   
effects from morphine on nociceptive stimuli compared to unstressed controls (da Silva Torres 
et al., 2003), suggesting that chronic stress may reduce the sensitivity of opioid systems. 
However, it is important to note that although evoked nociceptive behaviours in animals are 
frequently considered similar to humans (e.g. hypersensitivity to mechanical stimuli), the 
transferability of these findings to human studies remains limited and needs caution. For 
example, differences have been identified in how sensory disturbance (e.g. allodynia) is 
assessed between rat models and clinical studies (e.g. using high-threshold-fibre inputs in rats 
vs low-threshold-fibre inputs in humans), or in the characteristics of stress experimentally 
induced in animals versus chronic stress in humans (Blackburn-Munro, 2004).  
Beside animal studies, an extended body of evidence has identified a relationship between 
hyperalgesia and many stress-related and persistent pain disorders in humans, such as 
fibromyalgia or chronic fatigue syndrome, temporomandibular disorders, as well as mood 
disorders, such as anxiety and depression syndromes (McEwen & Kalia, 2010). Although the 
neural circuitry underlying hyperalgesia and its relationship to stress remain poorly understood 
in humans, stress-induced hyperalgesia has been proposed as a potential mechanism in these 
disorders (Imbe et al., 2006). In order to assess stress-induced hyperalgesia, experimental 
models have used psychological stress tasks or physical stress tests (e.g. thermal  stimuli) to  
induce a  stress  response and investigate the relationship to pain sensitivity (i.e. physiological  
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response to pain stimuli). For example, a previous study on fibromyalgia, a disorder known to 
be associated with a history of stressful life events (Imbe et al., 2006) and reduced cortisol 
levels (Riva, Mork, Westgaard, Rø, & Lundberg, 2010), reported enhanced pain sensitivity 
(i.e. allodynia) following experimentally-induced psychological stress (using the Trier Social 
Stress Test) (Crettaz et al., 2013).  
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Table 1.1 Studies investigating pain processing using experimental models in rats (sample of the available literature) 
TYPE OF 
STRESSOR  
EFFECT ON PAIN 
PROCESSING 
PHYSIOLOGICAL PAIN 
ASSESSMENT 
MECHANISM OF ACTION INVESTIGATED  RESULTS TECHNICAL REFERENCES 
Acute stress  
via foot-shock 
Analgesia Tail-flick test (latency) Opioid and non-opioid analgesia Thermal pattern (continuous vs intermittent)  
of stress plays a role in whether analgesia is  
opioid or non-opioid 
Terman, Shavit, Lewis, Cannon, & 
Liebeskind (1984) 
Acute stress via 
forced cold water 
swim 
Analgesia Nociceptive reflex tests Spinal Nociceptive pathways Different nociceptive tests (heat, pressure and electric 
shocks) can be altered by acute stressors 
Bodnar, Kelly, & Glusman (1978) 
Acute stress via 
intraperitoneal 
injection of 
hypertonic saline  
 Analgesia Tail-flick test (latency) Vasopressin deficiency Hypertonic saline caused a significant and dose-related 
increase in the latency to the tail-flick response to noxious 
heat but vasopressin levels did not change. 
Wright & Lincoln (1985) 
Acute stress via 
immobilization  
Analgesia Tail-flick test (latency) The effect of nitroglycerin in stress- 
induced analgesia 
Nitroglycerin injection was unable to reverse analgesia 
induced by an acute stressor 
Costa, Smeraldi, Tassorelli, Greco, 
& Nappi (2005) 
Chronic stress via 
restraint for 40  
days 
Hyperalgesia   Tail-flick test (latency) Response to opioids  Chronic restraint stress reduces the activity of  
opioid systems 
da Silva Torres et al. (2003) 
Acute and chronic 
stress via restraint  
Hypoalgesia  
and Hyperalgesia  
Tail-flick test (latency) Gender differences Compared to female rats, only chronically stressed male  
rats responded to restraint with a decrease in the tail-flick 
latency (hyperalgesia). Acute restraint stress induces 
analgesia in both male and female rats.  
Gamaro et al. (1998) 
Sub-chronic stress 
via forced 
swimming for 3 
days  
Hyperalgesia Hot plate assay  
(response latency) 
Serotonin activity Repeated stress can produce a long  
lasting increase in pain sensitivity by reduced serotonin 
activity 
Quintero et al. (2000) 
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In LBP populations with persistent pain, conflicting evidence has emerged regarding stress-
induced effects in pain between experimental and clinical settings (Table 1.2). For example, 
one study involving participants with persistent LBP and investigating the response to acute 
stressors (i.e. noxious thermal stimuli) identified analgesic effects (i.e. reduced discriminability 
of thermal stimuli), suggesting a normal endogenous analgesic system (Yang, Richlin, Brand, 
Wagner, & Clark, 1985). In a further study investigating stress-induced analgesia, participants 
with persistent LBP exposed to a thermal stressor (i.e. noxious heat stimuli) showed increased 
cortisol levels, similar to healthy controls, suggesting normal hypothalamic–pituitary–adrenal 
axis reactivity to painful stressors (Vachon-Presseau et al., 2013). Furthermore, individuals 
with higher cortisol responses reported less pain unpleasantness, suggesting a normal negative 
association between cortisol levels and pain perception in the presence of acute stressors in 
individuals with persistent LBP (Vachon-Presseau et al., 2013).   
Conversely, other observational non-experimental studies have reported increased signs of 
clinical pain sensitivity to noxious stimuli in people with persistent LBP (Clauw et al., 1999; 
Giesbrecht & Battié, 2005; Laursen, Bajaj, Olesen, Delmar, & Arendt‐Nielsen, 2005), 
suggesting that, in the absence of an acute stressor, normal endogenous analgesic mechanisms 
fail to activate when mediating clinical pain (Clark, Yang, & Janal, 1986) (Table 1.2). Although 
signs of clinical pain sensitivity have been postulated as potential mechanism underpinning 
persistent LBP (Marcuzzi, Wrigley, Dean, Graham, & Hush, 2018), its relationship with non-
experimental stress remains unclear.  
Thus, as previous studies have primarily investigated hypoalgesic effects induced by 
experimental stress and clinical hyperalgesia using cross-sectional designs in populations with 
persistent LBP, one of the aims of this thesis (Study 3) was to examine the relationship between 
non-experimental stress and pain processing mechanisms during the early stages of acute LBP.
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Table 1.2 Studies investigating pain processing following noxious stimuli in persistent low back pain (sample of the available 
literature) 
 
STUDY DESIGN TYPE OF STRESSOR EFFECT ON PAIN 
PROCESSING 
PAIN ASSESSMENT RESULTS TECHNICAL REFERENCES 
Experimental  Noxious thermal stimuli as 
acute stressor 
Hypoalgesia Sensory discriminations at different 
thermal intensities 
Individuals with persistent low back pain had 
lower sensory discrimination at high and low 
sensory intensities. 
Yang et al. (1985) 
Experimental  Noxious thermal stimuli as 
acute stressor 
Hypoalgesia Subjective pain unpleasantness and 
anterior mid-cingulate cortex activity 
Acute stress modulates pain perception and 
pain-related brain activity  
Vachon-Presseau et al. 
(2013) 
Observational  No stressor involved  Hyperalgesia Pain tolerance and pain threshold at 
various areas of the body 
A significant correlation was identified 
between clinical pain and tenderness 
assessments, including pressure pain 
threshold 
Clauw & Chrousos (1997) 
Observational  No stressor involved Hyperalgesia Pressure Pain Threshold test A lower pressure pain threshold was found in 
subjects with persistent low back pain 
compared with subjects without pain 
Giesbrecht & Battié (2005)  
Observational  No stressor involved Hyperalgesia Pressure Pain Threshold test  A lower pressure pain threshold was found in 
subjects with persistent low back pain 
compared with subjects without pain 
Laursen et al. (2005)  
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1.5 The underlying mechanism of stress in low back pain 
1.5.1 Stress as a risk factor for low back pain, what do we know from epidemiology? 
A large body of literature has been dedicated to exploring the stress response in pain disorders, 
from a neurophysiological perspective in either animal models (Gamaro et al., 1998; da Silva 
Torres et al., 2003; Bradesi et al., 2005; Gameiro et al., 2006; Imbe et al., 2006) or experimental 
settings (Scott et al., 2005; Gaab et al., 2005; Crettaz et al., 2013; Muhtz et al., 2013; Vachon-
Presseau et al., 2013). Two of the main factors that control the stress response and the amount 
of cortisol that a person is exposed to during adulthood are: early-life events and current life 
stress (Schneiderman et al., 2005). For this reason, stress has frequently been a matter of 
interest in epidemiological studies, in an attempt to understand its role in pain development and 
pain persistence in musculoskeletal disorders, including LBP.  
Current or past negative life events (e.g. job loss during adulthood or prolonged hospitalization 
in childhood) or work-related factors (e.g. high job demands or low control) are situations (or 
stressors) that can evoke a biological, cognitive or emotional reaction leading to a stress 
response, which may differ across individuals (Epel, Crosswell, Mayer, Prather, Slavich, 
Puterman, & Mendes, 2018). Stress has been investigated in observational longitudinal studies 
using a broad range of scales and questionnaires that assess stressors, as well as the subjective 
perception of stress (i.e. self-reported stress). 
Work-related stressors and their relationship with the development of LBP have been widely 
explored in the literature. Previous systematic reviews reported evidence for low social support 
at the workplace and low job satisfaction as risk factors for the development of LBP 
(Hoogendoorn, van Poppel, Bongers, Koes, & Bouter, 2000). Also poor monotonous tasks, 
work relationships, high work demands and lack of a sense of control have been  identified  as   
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risk  factors  in  LBP  (Linton, 2001).  However, despite the evidence found in these systematic 
reviews, the lack of appropriate adjustment for confounding factors (e.g. physical work) of the 
included studies and the inclusion of cross-sectional studies make the results difficult to 
interpret.  
A more rigorous systematic review evaluated  the causal effect (or aetiological role)  of  work 
stressors in prospective longitudinal studies encompassing musculoskeletal disorders, 
including LBP. This systematic review included only studies that controlled for the stability of 
musculoskeletal pain over time, for example by excluding all participants with musculoskeletal 
problems at baseline (Lang, Ochsmann, Kraus, & Lang, 2012). Results from this study 
identified a positive association between monotonous work (OR 1.62, 95% CI 1.36-1.97), high 
job demands (OR 1.42, 95% CI 1.19-1.70), low social support (OR 1.36, 95% CI 1.17-1.58) 
and LBP (Lang et al., 2012).  
Further, longitudinal cohort studies have examined the role of perceived stress, not necessarily 
linked to work-related stress, in the development and persistence of LBP (Table 1.3). Studies 
investigating the incidence of LBP have reported conflicting findings when examining different 
populations. For example, longitudinal studies investigating the aetiological role of perceived 
stress in LBP onset, identified a positive association among nursing students (Cheung, 2010), 
as well as in young adults reporting signs of stress and nervousness during childhood 
(Brattberg, 2004). In contrast, another longitudinal study examining mental stress in middle-
age farmers did not identify a statistically significant relationship either in sciatic pain or non-
specific LBP  (Manninen, Riihimäki, & Heliövaara, 1995). 
The role of perceived self-reported stress and adverse life events have been investigated in 
persistent LBP. A 3-year longitudinal study observed the predictive role of perceived stress in 
non-persistent  and  persistent  LBP  in  3703  women  (Schmelzer  et  al., 2016).  Specifically,  
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perceived stress was significantly associated with persistent LBP, with women who reported 
high levels of stress at baseline being 1.6 times more likely to experience persistent LBP at 
follow-up, compared to women reporting low level of stress (Schmelzer et al., 2016). 
Nevertheless, although a significant relationship between stress and pain persistence was 
identified in this study, a causal relationship cannot be inferred, as participants with persistent 
pain were included at baseline. 
In contrast, a second study investigating the aetiological relationship between stressful 
childhood events and the incidence of persistent LBP, identified a significant relative risk for 
people having more than one stressful event during childhood (Kopec & Sayre, 2005). 
Moreover, prolonged hospitalization, parental unemployment, and being very scared were 
independently associated with an increased risk of developing persistent LBP (Table 1.3).  
In summary, these studies suggest that a relationship exists between stress and the risk of 
developing and maintaining LBP. Nevertheless, these relationships have not been 
systematically investigated in the literature. As a result, the first study of this thesis aimed to 
systematically appraise the evidence for an aetiological role of non-work related psychological 
stress in the development of persistent MDs. 
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Table 1.3 Longitudinal studies (with participants pain-free at baseline) investigating the aetiological role of stress in the onset and 
persistence of low back pain (sample of the available literature) 
SAMPLE SIZE 
AT FOLLOW-
UP 
FOLLOW_UP 
DURATION 
(months) 
 INCIDENCE OF LBP (any duration) 
or  INCIDENCE OF PERSISTENT 
LBP 
POPULATION STRESS ASSESSMENT RESULTS TECHNICAL REFERENCES 
135 12  Incidence Nursing students 
 
 
Questions on self-
reported psychological 
stress 
Positive association between stress-related 
symptoms and LBP incidence (OR 4.5, 95% 
CI 1.76–11.62) 
Cheung (2010) 
335 156  Incidence School children 
followed up until 
adulthood 
 
 
Self-reported question  Positive association between self-reported 
stress and LBP incidence (OR 2.1, 95% CI 
1.3–3.4) 
Brattberg (2004) 
363 144  Incidence Middle-aged farmers 
 
 
 
Self-reported question  No significant association between self-
reported stress and LBP incidence. 
High scores of mental stress in sciatic pain: 
OR 0.51, 95% CI 0.13-1.92. High scores of 
mental stress in non-specific LBP: OR 1.10, 
95% CI 0.40-2.9 
Manninen et al. (1995) 
9552 48  Persistence General population List of stressful 
childhood events 
 
 
Positive association between having more 
than one stressful event during childhood 
and the development of persistent LBP 
(Relative risk 1.49, 95% CI 1.21-1.84), 
prolonged hospitalization (RR 1.35, 95% CI 
1.11-1.64), parental unemployment (RR 
1.36, 95% CI 1.09-1.72), and being very 
scared (RR 1.24, 95% CI 1.00-1.54).    
Kopec and Sayre (2005)  
OR = Odds Ratio; RR = Relative Risk, CI = confidence interval. 
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1.5.2 Assessment of stress  
Although stress is a common experience amongst individuals, its assessment remains complex 
and challenging. Some authors suggest that stress should be measured via the 
neurophysiological mechanisms that promote adaptation during the acute stress response, but 
are compromised when stress persists for a long time (e.g. immune system) (Amirkhan, 2012).  
Whereas others suggest that psychological stressors play a critical role in functioning, and that 
stress should be assessed as a psychological experience rather than purely a physiological 
phenomenon (Lazarus, 1986).  
 
1.5.2.1 The self-reported assessment of stress 
Psychological stress can be measured in a variety of ways, and different scales measure 
different aspects of stress. Scales, such as the Depression-Anxiety-Stress Scale (DASS), for 
example, aim to measure symptoms in these domains (Antony, Bieling, Cox, Enns, & Swinson, 
1998), assessing feelings of tension, use of nervous energy and difficulty relaxing which are 
all symptoms characteristic of stress. Conversely, other scales focus on events or stressors, for 
example, the death of a spouse, a divorce or changes in responsibilities at work (Holmes & 
Rahe, 1967). These life-event scales produce a final cumulative stress score, as a result of the 
impact of the added past events or environmental demands over a prolonged period, and 
represent a more objective measure of stress (i.e. list of events) (Lazarus, 1990; Cohen, Kessler, 
& Gordon, 1995). Finally, some scales assess the subjective self-perceived level of stress, 
focusing on the experience of overload, difficulty in adjusting to life demands and the inability 
to feel in control and adapt to stressors (Cohen, Kamarck, & Mermelstein, 1983; Amirkhan, 
2012).  
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Measuring stress using objective scales (e.g. list of past adverse events) has numerous 
advantages in terms of minimizing the chance of subjective bias. However, the use of these 
scales implies that these events always produce a stress response. This direct association is not 
always true, as different events may have different impacts on people’s stress levels. For this 
reason, some authors have suggested that objective measures need to be used in addition to 
subjective stress scales (Cohen et al., 1983), and that subjective scales hold higher 
psychometric properties, with better internal consistency and validity (Amirkhan, 2012). On 
the other hand, objective scales have better test-retest reliability than subjective scales 
(Amirkhan, 2012). However, the psychological interpretation of events as threatening, 
challenging or demanding, the nature of the person, their coping skills and personal resources,  
context, and social support are all aspects that can influence the response to a stressful event 
and need to be assessed (Cohen et al., 1995).  
 
1.5.2.2 The neurophysiological assessment of stress 
Acute and chronic stress can trigger activity in the HPA axis, stimulating cortisol secretion. 
However, even in the absence of a particular stressor, the HPA axis follows a circadian rhythm, 
controlled by the suprachiasmatic nucleus (Nicolson, 2008). Cortisol is normally secreted in 
pulsatile episodes and it is concentrated in the morning, reaching its lowest level between 10 
p.m. and 4 a.m. Cortisol level starts to rise a few hours before awakening, peaking between 30 
and 45 minutes following awakening and steadily declining throughout the day (Nicolson, 
2008).  
A large body of research has been dedicated to the study of the HPA axis and its final product, 
cortisol, in numerous  diseases.  The various  approaches  used  include  the  study  of cortisol  
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secretion, for example using multiple samples collected throughout the day, pharmacological 
manipulations to alter cortisol levels and observe feedback mechanisms, and experimental 
stressors to assess the cortisol response (Nicolson, 2008). The assessment of spontaneous 
overall cortisol secretion can be obtained through repeated salivary sampling during the day. 
In addition, the circadian pattern of cortisol secretion, through the shape of the diurnal curve, 
can provide important information on HPA activity, alongside the overall diurnal cortisol 
concentration (Nicolson, 2008) (Figure 1.6). A flattened diurnal slope, as a result of a loss of 
diurnal pattern, has been reported in various chronic illnesses including depression and chronic 
fatigue syndrome (Nicolson, 2008). 
                             
 
Figure 1.6 Diurnal cortisol pattern. Cortisol secretion physiologically increases, peaking 
between 30 and 45 minutes after awakening and slowly decreases throughout the day. The 
figure shows two types of cortisol diurnal patterns, flatter and steeper slopes. Flatter slopes 
have been identified in various chronic disorders. 
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Different methods can be employed to investigate cortisol secretion. One such method is the 
cortisol awakening response (CAR), where cortisol rises sharply (by 50-60 %) 30 to 45 minutes 
after awakening and slowly decreases thereafter (Nicolson, 2008; Stalder et al., 2016). This 
unique pattern of the cortisol circadian rhythm following awakening has a distinct nature, 
different from all other cortisol measures (Nicolson, 2008; Stalder et al., 2016). In addition, the 
CAR is considered moderately stable within people, but is sensitive to daily stressors, such as 
daily hassles, mood and work shift (Nicolson, 2008). 
Normally, single cortisol samples are reported to have high intra-individual variability and, for 
this reason, multiple cortisol samplings are recommended in order to investigate the CAR, with 
a minimum of three samples over two or more sampling days (Hellhammer et al., 2007; Stalder 
et al., 2016).  
Cortisol can be analysed from blood serum, urine, saliva or hair (Staufenbiel, Penninx, Spijker, 
Elzinga, & van Rossum, 2013). Among these procedures, salivary collection has several 
advantages, and is often used for research purposes due to its non-invasive nature and easy 
collection procedure. Further, salivary cortisol measures the free, unbound hormone by 
corticosteroid-binding globulin and represents the active fraction of the circulating hormone 
(Nicolson, 2008). However, when salivary sampling relies on participants’ accuracy in 
collection at specific time points, inaccurate sampling can occur and bias the CAR data. For 
example, delaying the collection of the first sample (S1) at awakening time by more than 15 
minutes, has been reported to result in false high estimates of the S1 and false low estimates of 
the following samples (Stalder et al., 2016). For this reason, it is vital to accurately report the 
awakening and sampling times, using self-reported diaries. Besides monitoring sampling times, 
maximizing  adherence  is very  important and requires a combination  of  different  strategies,  
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such as face-to-face meetings to increase participants’ motivation, verbal and written 
instructions  as well as phone reminders, e-mails or text-messages.    
When the CAR is measured, two main elements can be assessed: the overall cortisol 
concentration (total area under the curve, with the respect to the ground, AUCG), and the 
increase of cortisol in respect to awakening (area under the curve with respect to the increase, 
AUCI) indicating the dynamic of the cortisol pattern following awakening (Hellhammer et al., 
2007). However, as cortisol secretion is affected by a variety of factors, confounders or 
covariates need to be considered during cortisol sampling and analysis. In particular, 
participants need to avoid smoking, brushing their teeth (to avoid blood contamination), 
drinking or eating food and high physical exercise, as all these factors are known to influence 
cortisol secretion (Stalder et al., 2016). Should participants engage in one of these activities, 
they are encouraged to report them in their sample diary. Finally, trait covariates, and 
particularly, age and gender should be considered as covariates in the analysis (Stalder et al., 
2016).  
Although the HPA axis and cortisol are important mediators of the relationship between 
stressors and health outcomes (Stalder et al., 2016), this relationship is not always clear. For 
example, a recent large 6-year longitudinal study (N = 2039) investigating whether 
dysfunctional CAR and adverse life events predicted a new onset of persistent multisite 
musculoskeletal pain in individuals free from multisite pain at baseline, identified an increased 
risk for adverse life events but not for dysregulated CAR (Generaal et al., 2016). Therefore, as 
the HPA axis is a complex system and the CAR is a peripheral measure representing only a 
portion of this neuroendocrine regulatory system (Nicolson, 2008), the subjective experience 
of stress remains a valuable and complementary aspect to investigate. 
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1.5.3 The experience of stress in people with low back pain 
Although a number of studies have suggested that stress is involved in the onset and persistence 
of LBP (Brattberg, 2004; Kopec & Sayre, 2005; Cheung, 2010; Lang et al., 2012; Schmelzer 
et al., 2016), a small amount of research has explored what people with LBP find stressful in 
their lives. Environmental stressors, in particular in the family and work domains, have been 
investigated by Feuerstein et al (Feuerstein, Sult, & Houle, 1985) in 35 individuals with 
persistent LBP compared to 35 healthy controls. Environmental stressors were measured using 
standardized questionnaires, such as the Social Readjustment Rating Scale, Family 
Environment Scale and Work Environment Scale. The results identified that participants with 
persistent LBP experienced higher levels of general life stress and family stressors compared 
to controls. Interestingly, the study identified that less peer cohesion and higher family conflicts 
were predictive of higher affective pain ratings (Feuerstein et al., 1985).  
A second study examined the relationship between stressors, stress appraisal and coping 
responses in 85 individuals with persistent LBP, using self-reported questionnaires (Turner, 
Clancy, & Vitaliano, 1987). Findings reported that only 43% of individuals identified a primary 
stressor in the health category (35% of these reported pain as the primary stressor) (Turner et 
al., 1987). Interestingly, 34% of the remaining participants identified that their primary 
stressors were work or finance-related, while 23% selected the family category (Turner et al., 
1987). 
Overall, these studies demonstrate that individuals with persistent LBP often experience non 
pain-related stressors. However, the exploration of life stressors is limited to self-reported 
questionnaires and does not investigate the subjective experiences of stress. When exploring 
the  subjectivity or  individuals’ viewpoints, qualitative or mixed-methods methodologies  are  
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suitable to explore how individuals create their personal experiences and the meanings they 
use to make sense of their reality and the context in which they live (Bourgeault, Dingwall, & 
De Vries, 2010). 
Only one qualitative study indirectly explored the stress experience in individuals with 
persistent LBP and depression, investigating the ability to cope with pain, after undertaking 
psychotherapeutic interventions (Ellegaard & Pedersen, 2012). In this study, participants 
reflected on how previous negative experiences (e.g. being let down in childhood) or self-blame 
for past events influenced present life and their present pain experience. Moreover, stress was 
dominant across participants, who showed stress-related symptoms such as anger, fear, anxiety 
and feelings of powerless (Ellegaard & Pedersen, 2012). Conversely, at the end of the 
psychotherapeutic intervention, participants felt less stressed, more relaxed and, consequently, 
more able to manage their LBP (Ellegaard & Pedersen, 2012). 
Thus, although this qualitative study indirectly investigated the experience of stress in people 
with persistent LBP, the study limited the observation to individuals with depression. 
Therefore, as the subjective experience of stress and everyday stressors in individuals with 
persistent LBP without depression remains unclear, the aim of the second study was to explore 
shared viewpoints on the nature of day-to-day stress amongst people with persistent LBP. 
 
1.5.4 The cortisol response in low back pain 
Stress is a psychological experience causing a neurophysiological body response. Hence, the 
objective measurement of HPA activity can provide insight into possible maladaptive 
mechanisms that may influence the course of LBP.  
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Particularly, cortisol, considered the biomarker of psychological stress (Hellhammer, Wüst, & 
Kudielka, 2009), and consequently, of the HPA axis, has been used in a variety of studies to 
understand the relationship between chronic stress and LBP (Griep et al., 1998; Garofalo et al., 
2007; Sudhaus et al., 2007; Sudhaus et al., 2009).  
Cortisol has been examined in LBP using different methods. Specifically, some studies have 
examined the cortisol response to experimentally induced stress in individuals with persistent 
LBP, whereas others have compared morning cortisol concentrations between healthy controls 
and individuals with LBP (Table 1.4). 
Table 1.4 Studies investigating cortisol response in experimental and observational 
studies in individuals with low back pain (sample of the available literature) 
LBP = low back pain; CAR = cortisol awakening response; ↓ = reduced; ↑ = increased 
STUDY 
DESIGN 
 
AIM OF THE STUDY 
 
NO OF PARTICIPANTS                              RESULTS 
 
TECHNICAL 
REFERENCES 
Experimental 
To assess the magnitude of 
the acute stress response 
using noxious thermal 
stimulations 
18 individuals with 
persistent LBP and 16 
healthy controls 
↑ total cortisol  
↑ diurnal cortisol response in 
LBP 
Vachon-Presseau et 
al. (2013) 
Experimental 
To assess the effect of 
noxious heat stimuli on 
cortisol secretion in 
individuals with persistent 
LBP and individuals with 
major depression  
20 individuals with 
persistent LBP, 22 with 
major depression, and 33 
healthy controls 
↓ total cortisol in LBP compared 
to healthy controls and 
individuals with depression 
Muhtz et al. (2013) 
Experimental 
To assess the function of the 
stress-response system 
through manipulation of 
cortisol secretion 
(corticotrophin-releasing 
hormone injection) 
28 individuals with 
persistent LBP  and 14 
healthy controls  
↓ free cortisol in LBP compared 
to healthy controls and 
individuals with depression 
Griep et al. (1998) 
Observational 
(cross-
sectional) 
To investigate whether LBP 
patients have a normal 
cortisol profile 
305 individuals on sick 
leave for persistent LBP 
Normal cortisol profile and ↑ 
CAR in LBP compared to a 
reference healthy group 
Sveinsdottir et al. 
(2016) 
Observational 
(cross-
sectional) 
To assess the hypothalamic-
pituitary-adrenal axis 
activity in individuals with 
LBP 
14 individuals with acute 
LBP, 17 with persistent 
LBP and 14 healthy 
controls  
No differences in CAR between 
groups 
Sudhaus et al. (2007) 
Observational  
(prospective) 
To investigate whether 
dysregulated cortisol levels 
at baseline predicts pain 
severity after three months 
36 individuals with pain 
less than six months 
Individuals with low cortisol at 
baseline reported higher pain 
severity compared with 
individuals with elevated cortisol 
levels at baseline 
Garofalo et al. (2007) 
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1.5.4.1 Cortisol response in experimental studies    
Experimental studies inducing stress in LBP have produced conflicting results. For example, 
in one study, noxious heat stimuli were administered to 18 individuals with persistent LBP and 
16 healthy controls with the aim of inducing a stress response (Vachon-Presseau et al., 2013). 
Multiple salivary samples were collected throughout the day over seven consecutive days. 
Mean diurnal curve and the overall cortisol concentration were calculated to examine the 
difference between the two groups. The results identified higher levels of overall cortisol and 
increased diurnal activity averaged across the seven days in participants with persistent LBP 
compared to healthy controls (Vachon-Presseau et al., 2013), suggesting an over-stimulated 
HPA activity in the LBP group.  
A second study investigated the effect of experimentally induced noxious heat stimuli on 
cortisol secretion in individuals with persistent LBP and individuals with major depression 
(Muhtz et al., 2013). Salivary cortisol was collected over an extended period of time, at day 1, 
day 8 and day 90, before and 45 and 60 minutes after delivering a block of heat stimuli each 
day for 8 consecutive days (day 1-8) and on day 90, in 20 participants with persistent LBP 
without depression, 22 participants with major depression without pain, and 33 healthy 
volunteers. In contrast to the previous study, results identified that participants with persistent 
LBP had lower total cortisol concentrations, compared to healthy controls and participants with 
major depression at all time points. These findings support the hypothesis that persistent LBP 
is associated with hypocortisolism. However, these data should be interpreted with caution as 
both clinical groups were treated with antidepressant medications, which inhibit cortisol 
secretion, and could have altered the results of this study (Muhtz et al., 2013).   
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Similar results were identified in another study involving experimental manipulation of cortisol 
secretion in  individuals  with  persistent  LBP. In particular, the pituitary adreno-corticotropic 
hormone (ACTH) release in response to corticotrophin-releasing hormone (CRH) injection was 
investigated and compared between individuals with persistent LBP (N = 28) and heathy 
controls (N = 14) (Griep et al., 1998). In addition, participants received overnight 
dexamethasone (i.e. classified as a glucocorticosteroid) followed by injection of synthetic 
ACTH to test adrenocortical sensitivity which was assessed measuring urinary free cortisol 
(Griep et al., 1998). The mean ACTH response was significantly higher in those with LBP 
when compared to controls, suggesting hyperactivity of the pituitary ACTH response to CRH. 
Further, urinary free cortisol was lower in individuals with persistent LBP than controls, 
suggesting free cortisol resistance and consequent hypercortisolism in the pain group.  
  
1.5.4.2 Cortisol response in observational studies 
Conflicting findings can be identified from cross-sectional investigations, assessing basal 
cortisol  secretions in  people with LBP without  using experimental models.  In a large cross-
sectional study of 305 participants on sick leave for persistent LBP, salivary cortisol was 
assessed upon awakening, 30 minutes thereafter and in the evening over two consecutive days 
(Sveinsdottir, Eriksen, Ursin, Hansen, & Harris, 2016). The findings revealed a normal cortisol 
diurnal profile in persistent LBP, while the CAR was higher compared to a reference healthy 
population (Sveinsdottir et al., 2016). In contrast, another cross-sectional study with a smaller 
sample size, compared the CAR between a group of 14 individuals with acute LBP, 17 with 
persistent LBP and 14 healthy controls (Sudhaus et al., 2007). No differences in CAR were 
reported between groups. However, no further information related to the methods of this study  
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could be identified, due to the unavailability of the English version of the research report.   
Finally,  only  one  study  prospectively  investigated  cortisol  levels  in  36  individuals  with 
subacute LBP (pain less than six months), and particularly, whether dysregulated cortisol levels 
at baseline predicted pain severity after three months (Garofalo et al., 2007). Salivary samples 
were collected upon awakening and 20 minutes later, every day for the first 2 weeks at baseline, 
and again three times per week for nine consecutive weeks at follow-up. Individuals with 
subacute LBP and low cortisol levels (mean between first and second sampling of the same 
day) at baseline reported higher pain severity compared with individuals with LBP and elevated 
mean cortisol levels at baseline (Garofalo et al., 2007). These findings suggest that low levels 
of cortisol at baseline represent a sign of HPA dysregulation and may contribute to pain severity 
at follow-up (Garofalo et al., 2007). Nevertheless, some limitations can be identified in the 
study design. Specifically, participants included at baseline had pain for less than six months, 
suggesting that participants may have already developed persistent pain, according to the latest 
definition of persistent LBP (Krismer & Van Tulder, 2007). Therefore, it is possible that 
hypocortisolism may not have been predictive for persistent pain, but rather a consequence of 
persistent pain.  Second, this study did not assess self-reported stress and other psychological 
factors (e.g. depressive symptoms) that may have contributed to cortisol dysregulation.  
In conclusion, the body of literature available suggests that individuals with persistent LBP 
present with altered HPA activity following experimental noxious stressors and glucocorticoid 
manipulations, and that a blunted cortisol secretion in subacute LBP may be predictive of 
persistent pain. However, when CAR is compared between acute, persistent pain and healthy 
individuals, differences are not clearly distinguishable, perhaps due to the high inter-individual 
variability of cortisol secretion. Prospective studies with more rigorous designs may help to 
clarify the relationship between cortisol dysregulation and the development of persistent LBP.  
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Thus, the aim of the fourth study was to longitudinally investigate cortisol awakening response 
(CAR) and morning cortisol concentration in individuals with acute LBP over a period of six 
months. 
 
1.6 Study rationale 
The body of evidence presented in this introduction provides an understanding of the role of 
psychological factors, in musculoskeletal pain development and pain persistence. Although the 
roles of depression and anxiety appear well accepted in this context, psychological stress and 
its neurophysiological response remain poorly understood, particularly in people suffering 
from LBP. Additionally, stress is a subjective emotional state with a psychophysiological 
impact on the organism, interfering with pain perception (i.e. inducing pain analgesia in acute 
stress vs. hyperalgesia in chronic stress), affecting different body systems (e.g. immune system) 
and causing individuals’ feelings of tension, nervousness and difficulties in coping with 
stressors.   
Given the multidimensional structure of stress, it is important that stress is investigated from 
different perspectives, subjective, psychological and physiological. Thus, the overarching aim 
of this thesis was to develop an understanding of the psychological and physiological impact 
of stress on individuals with LBP. This aim was achieved by conducting four studies, each of 
them addressing a knowledge gap outlined in the introduction.  
 
1.6.1 Study 1 
The  aim of study  1 (Chapter 2) was to investigate  the  role  of  non-work related stress in the  
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development of MDs. Although a number of studies have identified an association between 
psychological stress and persistent pain in MDs, only studies based on work-related stress have 
been systematically assessed in the field of MDs (section 1.5.1). Thus, the aim of Study 1 was 
to systematically review the evidence for an aetiological role of non-work related psychological 
stress in the development of persistent MDs. As stress can be assessed using self-perceived 
stress scales as well as scales that account for the number of previous adverse life events, both 
types of measurement were included in this review. Study 1 represents the first paper to 
critically appraise the aetiological role of non-work related stress in the development of 
persistent MDs.    
 
1.6.2 Study 2 
Stress is a subjective experience, in which a variety of stressors can individually affect its 
perception and appraisal. Therefore, it is essential that this emotional state is explored from 
individual and personal perspectives. Section 1.5.2 outlines the paucity of the available 
literature exploring stress in LBP, primarily based on cross-sectional studies using standardised 
questionnaires, and the absence of qualitative studies in this field. Thus, the aim of Study 2 
(Chapter 3) was to identify shared viewpoints on the nature of day-to-day stress amongst people 
with persistent LBP, using a mixed-methods methodology, termed Q methodology. 
Additionally, given the exploratory nature of the study, Q methodology allowed for the 
exploration of a broad range of stressors (pain and non-pain related), to investigate all possible 
aspects and nuances (e.g. beliefs, coping skills, personality traits) that characterise the 
experience of stress. Initially, this broad exploration was achieved through an in-depth review 
of the scientific and grey literature encompassing the experience of stress in pain and non-pain  
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populations. Then, the review led to the development of a set of statements (Q-set) that was 
ranked  and  sorted  by  a  group  of  participants  with  persistent  LBP,  according  to  the  Q-
methodology.  
 
1.6.3 Study 3 
Persistent LBP is often associated with poor psychological health, other comorbid persistent 
MDs outside the low back and with altered central pain processing, in particular, hyperalgesia. 
Additionally, individuals experiencing comorbid MDs in other body regions are twice as likely 
to develop a new episode of LBP compared to individuals with no musculoskeletal pain at 
baseline (Papageorgiou et al., 1996) and have an increased risk of developing persistent LBP 
(Nordstoga, Nilsen, Vasseljen, Unsgaard-Tøndel, & Mork, 2017). Although an association 
between the presence of comorbid musculoskeletal pain and the development and maintenance 
of LBP has been identified, the mechanisms that contribute to this relationship are unclear. 
Several mechanisms are proposed to mediate the relationship between comorbid persistent 
musculoskeletal pain and the development of LBP including altered central pain processing 
and reduced psychological health via a dysregulated HPA axis (Hannibal & Bishop, 2014). 
Moreover, as evidence suggests that stress has a neurophysiological impact on pain circuitry 
and, consequently, on pain perception (section 1.4.3), it is plausible that this relationship may 
contribute to the development of LBP. One method to explore these mechanisms in LBP is to 
compare pain processing and psychological factors between individuals with acute LBP alone 
and individuals with acute LBP and comorbid persistent MDs. Thus, Study 3 (Chapter 4) aimed 
to investigate whether pain processing and psychological health differ in individuals with LBP 
who  present  with,  and  without, musculoskeletal pain outside the low back and to determine  
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whether a relationship exists between altered pain processing and high levels of stress.  A vast 
body  of  literature  has focussed  on the exploration of experimental stress and pain processing 
in persistent LBP, but no studies have examined both pain processing and psychological health 
or sought to discriminate between individuals with or without comorbid persistent MDs. This 
novel study should increase our understanding of the possible role of altered pain processing 
and poor psychological health as mechanisms underpinning the development of LBP that could 
inform future prospective studies. 
 
1.6.4 Study 4 
As outlined in sections 1.4.1, 1.4.2 and 1.5.4, stress has a neurophysiological impact on 
different body systems, in particular, on the HPA axis. The HPA axis and its final product, the 
hormone cortisol, are considered biomarkers of psychological stress, and when altered, indicate 
the absence of psychophysiological homeostasis and provide a potential gateway to poor health 
outcomes. Cortisol secretion has been an object of study in various chronic illnesses, including 
pain disorders. Surprisingly however, few studies have investigated cortisol secretion in LBP 
populations with conflicting results, and no research has been conducted in acute LBP. Thus, 
the aim of Study 4 (Chapter 5) was to longitudinally investigate the cortisol awakening 
response (CAR) and morning cortisol concentration in individuals with acute LBP (within 4 
weeks of pain onset) over a period of six months. Baseline psychological symptoms of 
depression, anxiety and stress were also assessed, including their relationship with altered CAR 
and cortisol concentrations.  
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In the following chapters (Chapters 2 to 5), a detailed discussion of each study is presented 
followed by a summary of all four studies (Chapter 6) to provide an overarching interpretation 
and understanding of the subjective and physiological role of stress in LBP.    
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Chapter 2:  
The role of psychological stress in the 
development of persistent musculoskeletal 
pain disorders: a systematic review  
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2.1 Abstract 
OBJECTIVE: The aetiological role of work-related psychological stress in the development 
of musculoskeletal disorders (MDs) has been systematically investigated. Less clear however, 
is the role of non-work related stress. This review aimed to assess the evidence for an 
aetiological role of non-work related psychological stress in the development of persistent 
MDs. METHODS: Database searches were conducted to identify prospective longitudinal 
studies that assessed non-work related stress in individuals without, or in the first 6 weeks of 
musculoskeletal pain. The primary outcome was the development of a persistent MD. 
Methodological quality was investigated using an adapted version of the Quality Assessment 
Tool for Observational Cohort studies and Cross-Sectional studies, and the strength of evidence 
using the GRADE approach. RESULTS: Seven studies were included representing data from 
six independent cohorts. There was a very low level of evidence to support the aetiology of 
non-work related stress in the development of arthritis and persistent spinal pain. 
CONCLUSIONS: The limited number of studies, the low quality of the evidence and 
heterogeneity across studies suggests that further prospective studies are required to clarify the 
role of non-work related psychological stress in the development of persistent MDs. 
 
2.2 Introduction 
Musculoskeletal disorders (MDs), such as osteoarthritis, low back pain and neck pain, are 
common health problems and a major cause of disease burden worldwide (Brooks, 2006; 
Cimmino, Ferrone, & Cutolo, 2011). MDs are the second most frequent cause of disability, 
accounting for 21.3% of the total years lived with disability (YLDs), second only to mental 
health  conditions  (Vos  et al.,  2012; March  et al.,  2014).  Psychological factors are strongly  
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associated with MDs (Gureje, Simon, & Von Korff, 2001; McBeth & Jones, 2007; Bair, Wu, 
Damush, Sutherland, & Kroenke, 2008; Cimmino et al., 2011), and are thought to play a role 
in the development of persistent MDs (defined as pain lasting longer than three months) (Pincus 
et al., 2002; Boersma & Linton, 2006; Mallen, Peat, Thomas, Dunn, & Croft, 2007; Grotle, 
Brox, Glomsrød, Lønn, & Vøllestad, 2007; Krismer & Van Tulder, 2007; Melloh et al., 2011; 
Ramond et al., 2011; Larsson, Björk, Börsbo, & Gerdle, 2012). For example, distress (a 
combination of depressive and anxiety symptoms), depressive mood, somatization and 
maladaptive cognition (e.g. fear-avoidance and pain catastrophizing) predict the development 
of persistent low back pain (Pincus et al., 2002; Melloh et al., 2011). 
Another psychological factor studied in MDs is psychological stress, which occurs when 
environmental demands exceed an individuals’ ability to cope (Cohen et al., 1995). Stress is a 
perception of threat that alters normal homeostatic mechanisms (Blackburn‐Munro & 
Blackburn‐Munro, 2001) and can be triggered by different types of stressors, such as adverse 
life events (e.g. loss of a spouse) or work-related stressors (e.g. low decision authority or job 
dissatisfaction). An extended body of literature has explored the influence of work-related 
stress on the development of MDs (Linton, 2001; Kopec & Sayre, 2004; Hauke, Flintrop, Brun, 
& Rugulies, 2011; Lang et al., 2012; Kraatz, Lang, Kraus, Münster, & Ochsmann, 2013; 
Fanavoll, Nilsen, Holtermann, & Mork, 2016; Jacukowicz, 2016). For example, systematic 
reviews demonstrate that individuals exposed to work-related stress are at greater risk of 
developing MDs than those who do not experience work-related stress (Hauke et al., 2011), 
and that stressors such as monotonous work or high job demands have an aetiological (or 
causative) role  in the development of LBP (Lang et al., 2012).  
In contrast, the role of non-work related psychological stress in the development of MDs is 
poorly understood. An association between self-perceived stress and MDs has been reported in  
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cross-sectional studies in temporomandibular disorder (Kanehira, Agariguchi, Kato, 
Yoshimine, & Inoue, 2008), spinal pain (Heidari et al., 2017; Stallknecht, Strandberg-Larsen, 
Hestbaek, & Andersen, 2017) and fibromyalgia (Taylor et al., 2016). However, as cross-
sectional studies do not allow investigation of causation (Mann, 2003), interpretation of these 
studies is limited. In order to determine if exposure to non-work related psychosocial stress has 
a causal role in the development of persistent MDs, longitudinal cohort studies that control for 
confounding during participant sampling, and adjust for confounders during analysis (Herbert, 
2014) are required. 
Recently, a number of longitudinal studies have investigated the causal role of non-work 
related psychological stress on the development of persistent MDs, however, these studies have 
not been systematically evaluated. Therefore, this systematic review aimed to summarize and 
critically appraise the evidence from prospective cohort studies examining the aetiology of 
non-work related psychological stress in the development of persistent MDs. A clear 
understanding of the role of psychological stress, beyond the occupational environment, should 
facilitate clinical decision-making, by providing useful information for the assessment and 
management of MDs.  
 
2.3 Methods 
This review is reported according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guideline (Shamseer et al., 2015). The protocol for the systematic 
review was registered with the International Prospective Register of Systematic Reviews 
(PROSPERO; registration number CRD42017059949) and is published elsewhere (Buscemi, 
Chang, Liston, McAuley, & Schabrun, 2017).  
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In order to answer the review question, prospective studies that investigated whether there was 
an association between exposure (non-work related psychological stress) and outcome 
(development of a persistent MD), taking into account adjustment for confounding factors, 
were sought. 
 
2.3.1 Search Strategy 
Searches were carried out across six electronic databases: MEDLINE, Embase, PsychINFO, 
Pubmed, Scopus and CINAHL from their inception to August 2017.  Keywords and Medical 
Subject Headings (MeSH) regarding stress and MDs were used (Appendix A2., Table S1). 
Only full-text studies published in English were retrieved. The reference lists of eligible articles 
were manually searched for additional studies.  
The primary investigator conducted the database searches and removed duplicates using 
Endnote X7 (Thomson Reuters, U.S.). Studies were screened by two independent reviewers 
and clearly ineligible studies were excluded on the basis of title and abstract. The remaining 
studies were retrieved, full-text reviewed and checked against the eligibility criteria by both 
reviewers. Disagreement was resolved by a third reviewer. 
 
2.3.2 Eligibility criteria 
Studies were eligible if they: i) included adults (aged over 18 years) without musculoskeletal 
pain or who were in the acute stage of musculoskeletal pain (0-6 weeks) at baseline (Krismer 
& Van Tulder, 2007); ii) measured the exposure at baseline (including retrospective recall of 
previous   stressful  life  events);  and   iii)  were  prospective  cohort  studies,  examining   the  
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development of a persistent MD (pain lasting longer than three months) (Krismer & Van 
Tulder, 2007).   
Studies were excluded if: i) the exposure was work-related stress, distress or post-traumatic 
stress disorder; ii) occupational stress models were used for the assessment of stress, such as 
the Karasek Demand-Control Model (Karasek, 1979) or the Siegrist Effort-Reward Imbalance 
model (Siegrist, 1996); or iii) the outcome was not musculoskeletal pain (e.g. visceral or cancer 
pain). 
 
2.3.3 Data extraction 
Two reviewers independently extracted the following data: country of origin, type of MD, 
presence of pain at baseline, number of participants at baseline and follow-up, duration of 
follow-up, stress measures, type of analysis (e.g. univariate versus multivariate), confounding 
factors and presence of any comorbidities (e.g. depression) that were accounted for in the 
analysis. The strength of an association between the exposure (psychological stress) and the 
outcome (persistent MD), using odds ratios (OR), relative risk (RR) or hazard ratios (HR) and 
the 95% confidence interval (CI), was extracted. Disagreements were resolved by a third 
reviewer. If further information was needed, authors were contacted a maximum of three times 
by e-mail, after which data were considered irretrievable. 
 
2.3.4 Risk of bias assessment 
Methodological quality was assessed by two independent reviewers using an adapted version 
of  the  Quality  Assessment  Tool  for   Observational  Cohort   studies  and   Cross-Sectional    
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studies   (U.S. Department of Health and Human Services - National Heart, Lung, and Blood 
Institute). Disagreement was resolved by a third reviewer. The modified version of the tool 
consisted of 19 items, divided into five domains: (1) participant selection and characteristics, 
(2) study methodology, (3) assessment tools (of the exposure and outcome), (4) statistical 
analyses, and (5) funding (see Table 2.2). Each item was assessed as present (=1), absent (=0) 
or unclear/not mentioned (=?). Following the Cochrane guidelines, each domain was judged as 
high, low or unclear risk of bias for each study, based on the rating given for the majority of 
items in each domain (Higgins & Green, 2011; Ryan, 2013). An overall judgement of high, 
low or unclear risk of bias was then applied for each study, taking into account three key 
domains: i) participant selection and characteristics, ii) statistical analysis and iii) assessment 
tools (Grimes & Schulz, 2002). Moreover, as the aim of this review was to identify an 
aetiological role of psychological stress in the development of persistent MDs, controlling for 
appropriate confounders was considered a key element during the risk of bias assessment. 
If one or more key domains had an unclear risk of bias, the overall risk of bias for the study 
was judged as unclear. If one or more key domains had high risk of bias, the overall risk of bias 
was judged as high (Higgins & Green, 2011). 
 
2.3.5 Data synthesis 
A quantitative synthesis was planned to pool data from included studies, unless statistical or 
clinical heterogeneity was identified. If quantitative analysis was not possible, a narrative 
synthesis would be performed. Effect sizes (Cohen’s d) were used to facilitate  comparison of 
results across studies, using various transformations outlined by Azuero and Polaninn (e.g. d =  
ln (OR)*(√3/pi); d = ln (HR)*(√6/pi)) (Azuero, 2016; Polanin & Snilstveit, 2016).  
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Cohen’s effect size’ (d) interpretation was used, according to the following criteria: d=0.2 
(small), d=0.5 (medium), d=0.8 (large) (Cohen, 1992). The overall strength of evidence was 
assessed using the Grading of Recommendations Assessment, Development  and  Evaluation  
(GRADE)  approach (Guyatt et al., 2011).  GRADE is a systematic approach that assesses the 
overall quality of evidence by considering four main elements: study design, risk of bias, 
consistency of results and directness (generalizability). Using GRADE, the evidence for each 
element was rated across studies, not by study. Depending on the seriousness of the limitation 
assessed for each element, GRADE rates the overall quality of the evidence as high, moderate, 
low and very low (Guyatt et al., 2011). The final GRADE level of evidence indicates the extent 
to which one can be confident that psychological stress has an aetiological role in the 
development of a persistent MD.  
 
2.4 Results 
2.4.1 Literature search  
A total of 7999 studies were identified. Initial screening by title and abstract excluded 7949 
studies (7638 excluded by title and 311 excluded by abstract), leaving 50 studies for full-text 
review. Forty-three full-text articles were excluded, leaving seven prospective longitudinal 
studies (representing data from six independent cohorts) for inclusion in the review. A flow 
diagram of the screening process is provided in Figure 2.1.  
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Figure 2.1 Flow diagram of studies retrieved during literature search 
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2.4.2 Study characteristics  
Included studies examined arthritis (n=2) (Kopec & Sayre, 2004; Harris, Loxton, Sibbritt, & 
Byles, 2013), spinal pain (n=3) (Kopec & Sayre, 2005; Palmlof et al., 2012; Shahidi, Curran-
Everett, & Maluf, 2015), orofacial pain (n=1) (Aggarwal et al., 2010) and  multisite 
musculoskeletal pain (n=1) (Generaal et al., 2017) and were published between 2004 and 2016. 
Of the included studies, two (Kopec & Sayre, 2004; Kopec & Sayre, 2005) pooled data from 
the same cohort (the Canadian National Population Health Survey) (Tambay & Catlin, 1995), 
but investigated the incidence of two different MDs, arthritis and back pain. Data from a total 
of 39713 participants were available at follow-up. One study had a sample with less than 200 
participants (Shahidi et al., 2015), whilst the remaining studies had samples ranging from 831 
(Generaal et al., 2017) to 10638 participants at follow-up (Harris et al., 2013). Characteristics 
of included studies are provided in Table 2.1.  
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Table 2.1 Study characteristics 
 
  
Study  Country Type of MD Pain at 
baseline 
No at baseline (% females)   No at last follow-up Duration  
of follow-up 
(years) 
 
 
      
Harris et  
al. (2013) 
Australia Arthritis No 11220 females (100%  
females) 
10638 (unweighted data) - 
10532 (weighted data) 
6 
Kopec &  
Sayre (2004) 
Canada Arthritis No 9159 (52.2% females) 8848 4 
Kopec & 
Sayre (2005) 
Canada Back Pain No 14117 (no of females not  
reported) 
9552 (55.4% females) 4 
Palmlof et  
al. (2012) 
Sweden Neck Pain No 8348 (43.1% females) 8348 5 
Shaidi et  
al. (2015) 
USA  Neck Pain No Not reported 167 (79.6% females) 1 
Aggarwal et  
al. (2010) 
UK Orofacial pain No 2505 (no of females not  
reported) 
1329 (no of females not 
reported) 
2 
 
 
 
 
Generaal  
et al. (2016) 
 
Netherlands 
 
Multisite 
musculoskeletal 
pain 
 
Yes 
 
Not reported 
 
831 (no of subjects used for 
the sub-group analysis 
(pain-free)) (no of females 
not reported) 
6 
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2.4.3 Risk of bias  
Risk of bias varied from low (Harris et al., 2013; Generaal et al., 2017), to unclear (Kopec & 
Sayre, 2004; Aggarwal et al., 2010; Shahidi et al., 2015) to high (Kopec & Sayre, 2005; Palmlof 
et al., 2012) (Table 2.2). Information regarding each item in each domain of the methodological 
quality checklist is provided in Appendix A2. (Table S2). Agreement between the two 
reviewers was 92%. Similarities were identified across studies: all studies specified the 
research question, selected participants from the same population and used a timeframe 
appropriate to evaluate an association between psychological stress and the development of a 
persistent MD. In contrast, blinding during the assessment process was not reported  in  any  
study,  and  characteristics  of  participants who dropped out were not always reported  
(Aggarwal et al., 2010; Palmlof et al., 2012; Shahidi et al., 2015)  or  differed  from those who 
completed follow-up (Kopec & Sayre, 2004; Kopec & Sayre, 2005; Harris et al., 2013; 
Generaal et al., 2017).  
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Table 2.2 Risk of bias score for each study 
Domains 
ARTHRITIS 
 
SPINAL PAIN 
 
OROFACIAL 
PAIN 
MULTISITE 
PAIN 
Harris et al. 
(2013) 
Kopec & 
Sayre (2004) 
Kopec & 
Sayre (2005) 
Palmlof et 
al. (2012) 
Shaidi et  
al. (2015) 
Aggarwal et 
 al. (2010) 
Generaal et 
al.(2016) 
        
Participant selection and characteristics L L L U L L L 
Was the study population clearly specified and defined? 1 1 1 1 1 1 1 
Was the participation rate of eligible persons at least 
50%? 0 1 1 0 1 1 1 
Were all the subjects selected or recruited from the same 
or similar populations (including the same time period)?  1 1 1 1 1 1 1 
Did the authors attempt to collect information on 
participants who dropped out? 1 1 1 1 ? 1 1 
Are there important differences between participants 
who completed the study and those who did not? 
(inverted score) 0 0 0 ? ? ? 0 
Was loss to follow-up after baseline 20% or less? 1 1 1 0 1 0 1 
        
Methodology L L L L L L L 
Was the research question or objective in this paper 
clearly stated? 1 1 1 1 1 1 1 
Were inclusion and exclusion criteria for being in the 
study pre-specified and applied uniformly to all 
participants? 1 1 1 ? 1 ? 1 
Was the timeframe sufficient so that one could 
reasonably expect to see an association between 
exposure and outcome if it existed? 1 1 1 1 1 1 1 
        
Statistical analysis  L U L U U U L 
Was a sample size justification, power description, or 
variance and effect estimates provided?  1 1 1 1 ? ? 1 
For the analyses in this paper, were the exposure(s) of 
interest measured prior to the outcome(s) being 
measured? 1 1 1 1 1 1 1 
Were losses of patients to follow-up taken into account 
in the analysis? ? ? ? ? ? 1 ? 
Were key potential confounding variables measured and 
adjusted statistically for their impact on the relationship 
between exposure(s) and outcome(s)? 1 0 1 0 0 0 1 
        
Assessment tools L U H H U L L 
For exposures that can vary in amount or level, did the 
study examine different levels of the exposure as related 
to the outcome (e.g., categories of exposure, or exposure 
measured as continuous variable)? 1 1 1 0 ? 1 1 
Were the exposure measures (independent variables) 
clearly defined, valid, reliable, and implemented 
consistently across all study participants? 1 0 0 0 1 1 1 
Was the exposure(s) assessed more than once over 
time? 1 NA NA 0 0 0 1 
Were the outcome measures (dependent variables) 
clearly defined, valid, reliable, and implemented 
consistently across all study participants? 1 1 0 1 1 1 1 
Were the outcome assessors blinded to the exposure 
status of participants?   ? ? ? ? ? ? ? 
        
Funding               
Was the source of funding provided? 
 
1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
1 
 
OVERALL SCORE L U H H U U L 
NA = not applicable; L = low (risk of bias); H = high (risk of bias); U = unclear (risk of bias); 1 = item present; 0 = item absent; ? 
= item unclear 
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The risk of bias for studies on arthritis ranged from low (Harris et al., 2013) to unclear (Kopec 
& Sayre, 2004). Participant selection and characteristics, and methodology were rated low in 
both studies. In the remaining domains, the risk of bias varied from low to unclear. In the 
statistical analysis, key confounding factors were measured and adjusted statistically in one 
study (Harris et al., 2013), while both studies did not take into account loss to follow-up.  
The risk of bias for studies on spinal pain was rated unclear (Shahidi et al., 2015) to high (Kopec 
& Sayre, 2005; Palmlof et al., 2012). Participant selection and characteristics, and statistical 
analysis varied from low to unclear. No studies took into account loss to follow-up, and 
controlling for appropriate confounding variables was identified in one study (Kopec & Sayre, 
2005). The risk of bias for assessment tools varied from unclear to high.  
In orofacial pain (Aggarwal et al., 2010) and multisite musculoskeletal pain (Generaal et al., 
2017), the risk of bias was unclear and low, respectively. Key confounding variables were 
appropriately controlled in the study on multisite musculoskeletal pain.   
 
2.4.4 Assessment tools 
High heterogeneity was present across studies in the outcomes used to assess stress. Four 
studies used validated assessment tools, in particular, the Adverse Life Events Inventory 
(Aggarwal et al., 2010; Generaal et al., 2017) and the Perceived Stress Scale (Harris et al., 
2013; Shahidi et al., 2015). The remaining three studies used non-validated questions on 
previous stressful childhood experiences (Kopec & Sayre, 2004; Kopec & Sayre, 2005) and 
economic stress (Palmlof et al., 2012).  
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All studies but one used validated assessment tools to define the development of persistent 
MDs (Kopec & Sayre, 2004; Aggarwal et al., 2010; Palmlof et al., 2012; Harris et al., 2013; 
Shahidi et al., 2015; Generaal et al., 2017), but with different time classifications. Three studies 
defined persistent pain as pain lasting longer than three months (Aggarwal et al., 2010; Palmlof 
et al., 2012; Shahidi et al., 2015), a further three studies as pain or symptoms lasting longer 
than six months (Kopec & Sayre, 2005; Generaal et al., 2017) and two studies referred to a 
self-reported diagnosis of arthritis in the past three years (Kopec & Sayre, 2004; Harris et al., 
2013).  
 
2.4.5 Strength of the evidence 
The strength of evidence was assessed between studies of the same MD (i.e. arthritis, spinal 
pain, orofacial pain, multisite musculoskeletal pain). First, all clusters of included articles were 
rated as low quality, based upon the observational nature of the investigations (Atkins et al., 
2004). Second, the overall risk of bias for studies on spinal pain was downgraded two points, 
due to the identification of one serious and one very serious limitation in the statistical analysis 
and assessment tools used across studies (see Table 2.2). The risk of bias for the study on 
orofacial pain was downgraded one point, as one key element (statistical analysis) was rated 
unclear. In musculoskeletal multisite pain, the only included study was rated low quality, as no 
further limitations were identified. No limitations were identified regarding study consistency, 
as findings were consistent across studies of the same cluster (i.e. in arthritis and spinal pain). 
In relation to directness, studies on arthritis were downgraded one point, as one study included 
only women, making the results difficult to generalise.  
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2.4.6 Evidence for the role of psychological stress in musculoskeletal disorders  
Due to the high heterogeneity of MDs and exposure measures between studies, it was not 
possible to perform a quantitative synthesis and therefore a narrative synthesis was undertaken. 
Results were clustered according to the same MD, but considered separately. Results are 
summarised in Table 2.3.  
 
2.4.6.1 Arthritis 
There is a very low level of evidence to support the aetiological role of non-work related 
psychological stress in the development of arthritis. Two studies investigated stress using the 
perceived stress level in the previous year and the number of previous stressful childhood 
experiences respectively. Perceived stress, with either a low or moderate/high level of stress, 
had a significant impact on the development of arthritis in women (n=10532, risk of bias=low, 
d=~0.3 for minimal stress; d=~0.5 for moderate/high stress) (Harris et al., 2013).  Specific 
childhood events, such as experiencing prolonged hospitalization or being very frightened, 
were significantly associated with arthritis development (n=8848, risk of bias=unclear, d=~0.2) 
(Kopec & Sayre, 2004). However, having experienced one or more stressful life events (of any 
type) was not significantly associated with development of arthritis (1 Life Event: HR 1.17 
(95% CI 0.92–1.48); 2 or more Life Events: HR 1.27 (95% CI 0.99–1.62)). 
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Table 2.3 Results of included studies 
 
Study  Condition 
developed 
Stress measure Type of analysis Results (95% CI) Significant  Comorbidities Comments 
Harris et  
al. (2013) 
Arthritis Perceived Stress  
Scale 
Generalized Estimating Equation 
model adjusted for:  
• Psychosocial (e.g. depression)  
• Demographics, health    behaviours 
(e.g. physical activity)  
• Hormonal state  
 
Minimal stress: OR 1.7  
(1.5-2.0)  
Moderate/high stress:  
OR 2.4   (2.0-2.9) 
Yes 
Yes 
 
 
None Excluded women without 
arthritis but included 
those with persistent joint 
symptoms 
Kopec & 
Sayre (2004) 
Arthritis Childhood stressful experiences Multivariate adjusted for:   
• Age 
• Sex 
• Restriction in activity  
• Injury in the past 12 months  
• Chronic stress index 
Number of Life Events  
1: HR 1.17 (0.92–1.48)   
 
No 
 None Did not exclude women 
without arthritis, but did 
exclude those with 
persistent joint symptoms 
 
 
2+: HR 1.27 (0.99–1.62) No  
Prolonged hospitalization:  
HR 1.33 (1.05-1.68) 
Yes 
 
Being very scared: HR 1.29  
(1.02-1.62) 
 
 
Yes 
Kopec & 
Sayre (2005) 
Persistent   
back pain 
Childhood stressful experiences  Multivariate adjusted for:  
• Demographic and socio-economic 
(e.g. education) 
• Anthropometrical (e.g. weight)  
• Behavioural (e.g. smoking),  
• Health status (e.g. self-rated health)  
• Psychologic measures (e.g. 
depression) 
Number of Life Events  
1: RR 1.17 (0.97–1.41) 
 
No 
None  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2+: RR 1.49 (1.21–1.84) 
Prolonged hospitalization:  
RR 1.35 (1.11-1.64) 
Parental unemployment:  
RR 1.36 (1.09-1.72) 
 
 
Yes 
Yes 
 
Yes 
 
 
Palmlof et  
al. (2012) 
Persistent  
neck pain 
Combination  
of individual disposable Income 
and economic stress  
Multivariate logistic regression 
adjusted for: 
• Age 
• Sex  
• Alcohol consumption 
Income quartile 2-4  
(medium-high)+economic stress: 
OR 1.2 (0.7-2.1) 
No None  
 
Income quartile 1 (low) 
+no economic stress:  
OR 1.3 (1.0-1.7) 
No 
 
 
 
Income quartile 1 (low) 
+ economic stress: OR 2.0 (1.3-
3.2)  
 
Yes 
 
Chapter 2 
 
64 
 
OR=odds ratio; RR=relative risk; HR=hazard ratio; CI=confidence interval; BMI=Body Mass Index 
 
 
 
  
 
 
  
        
Shaidi et  
al. (2015) 
Persistent  neck 
pain 
Perceived Stress  
Scale  
Multivariate logistic regression  
adjusted for: 
• Age 
• Sex  
• BMI 
High Perceived Stress: OR 1.014 
(1.01-1.21) 
Yes None  
Aggarwal et  
al. (2010) 
Persistent 
orofacial  
pain 
Threatening Events (1-12 
items) in the past year 
Univariate adjusted  
for:  
• Age  
• Gender 
Life Events 1: OR 1.9  
(1.0–3.8) 
No Health anxiety  
was a significant 
predictor  
for chronic orofacial 
pain 
Results from analysis are 
not significant 
(confidence interval 
crosses 1) 
 
Life Events 2–9: OR 2.0  
(1.0-3.9) 
No 
Generaal et al. 
(2016) 
 
 
 
 
 
 
Persistent 
multisite 
musculoskeletal 
pain 
Threatening Events (1-12 
items, + 1: any other adverse  
life event) in the past year 
Cox’s regression adjusted for: 
• Socio-demographics 
• Lifestyle disease factors 
• Lifetime depression/anxiety  
and antidepressants 
One Life event: HR 1.14 (0.90-
1.44) 
No None Results from subgroup 
analysis are not 
significant (confidence 
interval crosses 1) 
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2.4.6.2 Spinal pain 
There is a very low level of evidence to support the aetiological role of non-work related 
psychological stress in the development of persistent spinal pain.  Economic stress, coupled 
with a low disposable income, was associated with the development of persistent neck pain 
(n=8348, risk of bias=high, d=~0.4) (Palmlof et al., 2012), as was high self-perceived stress 
(n=167, risk of bias=unclear, d=~0.01) (Shahidi et al., 2015). More than one stressful event 
experienced during childhood (n=9552, risk of bias=high, d=~0.2) (Kopec & Sayre, 2005) and 
a history of specific stressful events, such as prolonged hospitalization or parental 
unemployment (d=~0.2) (Kopec & Sayre, 2005), were associated with the development of 
persistent back pain. 
 
 
2.4.6.3 Multisite musculoskeletal pain and orofacial pain 
There is a low level of evidence for no aetiological role of non-work related psychological 
stress in the development of persistent multisite musculoskeletal pain. Similarly, there is a very 
low level of evidence for no aetiological role of non-work related psychological stress in the 
development of persistent orofacial pain. Specifically, there is a low and very low level of 
evidence that stressful life events occurring in adulthood, in the previous year, do not have an 
aetiological role in the development of persistent multisite musculoskeletal pain (1 study, 
n=2039, risk of bias=low) (Generaal et al., 2017) and persistent orofacial pain (1 study, 
n=1329, risk of bias=unclear) (Aggarwal et al., 2010), respectively.  
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2.5 Discussion 
This systematic review is the first to summarize and critically appraise the available evidence 
on the aetiological role of non-work related psychological stress in the development of 
persistent MDs. Published studies provided a low to very low quality of evidence. Studies 
reported a small effect of childhood stressful events (e.g. experiencing prolonged 
hospitalization or being very frightened) on the development of arthritis and persistent spinal 
pain. Either a small or medium to high level of self-perceived stress in adulthood had a medium 
effect on the development of arthritis, and a small effect on the development of persistent neck 
pain. Economic stress, coupled with a low disposable income, had a small effect on the 
development of persistent neck pain. No associations were identified between non-work related 
psychological stress and musculoskeletal multisite pain or orofacial pain.  
There is a very low level of evidence to support the aetiological role of non-work related 
psychological stress in the development of arthritis and persistent spinal pain, which is limited 
by: i) the small number of studies available, ii) the heterogeneity of measures used to assess   
stress across studies, and iii) the unclear adjustment for appropriate confounding factors in 
some studies. Based on the available evidence, clinical recommendations cannot be provided, 
and there is a need for further higher quality studies to clarify, validate and implement the 
evidence found in this review.  
 
2.5.1 Outcome measures 
There was substantial heterogeneity in the outcome measures used to assess stress. Some stress 
measures were not standardized or validated, whilst others (i.e. the Adverse Life Inventory and  
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the Perceived Stress Scale) were validated in healthy populations or clinical populations other 
than pain (Gray, Litz, Hsu, & Lombardo, 2004; Lee, 2012).  
Currently, there is no consensus on the best instruments to measure stress, given its 
multifaceted and complex nature (Lazarus, 1990). Investigators can choose between 
objectively assessing the number of previous stressful events or to assess self-perceived stress. 
However, stressful events and self-perceived stress may not assess the same construct, as not 
all stressful events lead to stress, and not all stress is the consequence of specific events 
(Compas, 1987). Moreover, although reporting the number and/or presence of adverse life 
events is considered an objective way to measure stress (Lazarus, 1990), bias in recalling past 
memories may be introduced (Levine & Safer, 2002), in particular when childhood experiences 
are recalled in adulthood, given the large time gap between the occurrence and its reporting 
(Lazarus, 1990).  
Given the heterogeneity in the outcome measures used to assess stress in this review, consensus 
is warranted on how to measure non-work related psychological stress. In particular, when 
objective measures of stress are used, such as the number of adverse life events, it is 
recommended to assess the subjective impact of those events (Lazarus, 1990). This may be 
difficult when childhood stressful experiences are evaluated, but may be examined in adulthood 
when events are easier to recall from the recent past.  
 
2.5.2 Previous literature 
The aetiological role of work-related stress on the development of MDs has been largely 
examined through specific occupational stress models, such as the Karasek Demand-Control 
Model (Karasek, 1979) or the Siegrist Effort-Reward Imbalance model (Siegrist, 1996).  
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These models are used in the literature to assess different aspects of work-related stress, such 
as the level of workload, the autonomy in decision-making, and the mismatch between high 
workload and low control over long-term rewards. One systematic review meta-analysed 
studies using these models, showing that monotonous work, low social support and job strain 
had an aetiological role in the development of neck and/or shoulder, upper extremity and low 
back pain respectively (Lang et al., 2012). In contrast, models to understand stress outside the 
workplace, or to combine work and non-work related stress measures have not been developed, 
despite studies reporting that non-work related stressors are present in people with MDs 
(Feuerstein et al., 1985; Turner et al., 1987; Anderberg, Marteinsdottir, Theorell, & Von 
Knorring, 2000). The absence of models on non-work related psychological stress may explain 
the restricted number of studies and the high heterogeneity in stress measures found in this 
review.  
Consistent with our findings, one previous systematic review identified an association between 
persistent neck pain and psychological stress (Ortego et al., 2016). However, different to our 
review, the authors included one cross-sectional study in the meta-analysis and did not exclude 
studies with participants with persistent pain at baseline, making it difficult to examine the 
causative effect of stress on the development of persistent neck pain. Further, studies based on 
work-related stress were included in the systematic review, limiting the interpretation of the 
role of non-work related stress in the development of persistent neck pain. 
 
2.5.3 Clinical implications and future research 
Repeated stress (or difficulties adapting to stress) can cause prolonged exposure to stress 
hormones,  or  trigger  compensatory  mechanisms  (e.g. increased inflammatory  cytokines  or  
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hypothalamic–pituitary–adrenal hyporesponsiveness), resulting in health problems (McEwen 
& Stellar, 1993; McEwen & Kalia, 2010). The role of psychological stress has been 
documented in the incidence of many chronic illnesses, such as depression (Anisman & 
Zacharko, 1982; Hammen, Kim, Eberhart, & Brennan, 2009), cardiovascular disease 
(Rozanski, Blumenthal, & Kaplan, 1999), and irritable bowel syndrome (Qin, Cheng, Tang, & 
Bian, 2014). In this review, in order to investigate the aetiology of non-work related 
psychological stress, attention was giving to the design of the included studies (i.e. including 
only prospective studies), and how these studies controlled for confounding factors. Only three 
studies attempted to control for appropriate factors, and clear rationale for the choice of those 
confounders were not provided in most studies, potentially introducing further bias into the 
results and making it difficult drawing causal conclusions. In order to conduct high quality 
studies, controlling for appropriate confounding factors is essential (Herbert, 2014). Specific 
approaches are therefore warranted for future aetiological studies, such as causal diagrams 
(Greenland, Pearl, & Robins, 1999; Shrier & Platt, 2008), to obtain unbiased estimates of 
effects.  
Second, the shortage of studies and the overall very low level of evidence reported in the 
current review suggests that a comprehensive picture of the role of psychological stress is 
lacking, limiting the potential to target specific stressors in clinical practice. Additional, high 
quality prospective studies are needed to investigate the preliminary findings identified in this 
review. It is recommended that stress is measured through valid and standardized tools and that 
a consensus is obtained on how to measure psychological stress. Developing comprehensive  
models to understand different constructs of stress may be useful to identify specific stressors 
in future studies.  
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Finally, only studies assessing persistent MDs were included in the review, limiting the number 
of eligible studies. Thus, many studies examining the role of non-work related psychological 
stress in MDs of less than three months duration were excluded (e.g. in temporomandibular 
disorder) (Akhter, Morita, Esaki, Nakamura, & Kanehira, 2011). However, including only 
studies that assessed persistent MDs  was considered essential by the authors, as pain 
persistence in MDs is one of the main causes of disability worldwide (Storheim & Zwart, 
2014).  
 
2.5.4 Limitations 
The present review has several methodological limitations. Studies on arthritis were included 
although they used the “diagnosis or treatment of arthritis in the past” as the criterion for the 
outcome variable, rather than arthritis plus the presence of persistent pain. Although arthritis 
encompasses a number of musculoskeletal disorders dominated by pain during joint use and at 
rest (Reginster, 2002), pain does not correlate with all sub-classifications of arthritis (Dieppe, 
2012). Thus, it is not possible to assume that all participants developing arthritis in the included 
studies had pain.  
Data were extracted using only full-text articles and excluding data from grey literature, 
potential publication bias may be introduced. Further, bias may be introduced as two studies 
relying on the same cohort were identified and included in the analysis. However, it is unlikely 
that this strongly impacted on the findings of the current review. Finally, it is not possible to 
completely exclude an interference of work-related stress in some of the included studies, 
especially in those where the subjective perception of stress was assessed (i.e. self-perceived 
stress).   
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2.5.5 Conclusion 
This systematic review summarizes the available evidence on the aetiology of non-work related 
stress in the development of persistent MDs. There is a very low level of evidence that supports 
the aetiology of non-work related psychological stress in the development of arthritis and 
persistent spinal pain, with an effect size ranging from low to medium. The very low level of  
evidence and heterogeneity found in measures used to assess stress across studies suggest that 
further high quality prospective cohort studies are needed to clarify the evidence found in this 
review. 
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Chapter 3:  
How do people with persistent low back pain 
perceive everyday stress? A Q-study 
 
 
 
 
 
 
 
 
 
Chapter 3 
 
 
73 
 
 
3.1 Abstract                                                                                                                                      
OBJECTIVE: Stress increases the risk to develop persistent low back pain, yet it is unclear 
what people with persistent low back pain perceive as stressful in their lives. The aim of this 
study was to identify shared viewpoints on the nature of day-to-day stress amongst people with 
persistent low back pain. METHODS: 61 participants with persistent low back pain were 
recruited and viewpoints sampled using Q-methodology, which required individuals to sort 
pre-defined statements regarding day-to-day stress. Viewpoints were enriched by open-ended 
questions and standardized questionnaires. RESULTS: Analyses revealed seven shared 
viewpoints that were summarised by four themes. In the first theme, although some level of 
stress was reported, participants expressed an internal locus of control and agency over life and 
pain. In the second theme, pain was perceived as the primary source of stress, causing 
functional and social disability. In the third theme, stress was caused by environmental stressors 
and life responsibilities, resulting in physical and emotional strain. In the fourth theme, 
negative self-perceptions or unhelpful non-pain related cognitive patterns were the principle 
stressors. Open ended-questions revealed that for some participants, stress had a negative 
impact on low back pain. Questionnaire scores identified high variability between participants, 
however, perceived stress was present across all themes. CONCLUSIONS: This study 
demonstrates that the experience of stress is multifaceted, that primary stressors vary across 
individuals and that stress is not always pain-related. Identifying individual stressors is 
essential to facilitate tailored interventions that help people to manage stress and subsequently, 
persistent low back pain. 
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3.2 Introduction                                                                                                                               
Persistent LBP is a common and disabling musculoskeletal disorder associated with 
considerable economic burden (Dagenais, Caro, & Haldeman, 2008; Manchikanti, Singh, 
Falco, Benyamin, & Hirsch, 2014). Although pain and physical disability are discernible 
symptoms, individuals with persistent LBP also frequently present with psychological 
symptoms (Bener et al., 2013; Bean, Johnson, & Kydd, 2014), such as symptoms of depression, 
anxiety and high levels of stress (Bjornsdottir, Jonsson, & Valdimarsdottir, 2014). In addition, 
psychological symptoms that persist beyond an acute episode of LBP increase the risk of pain 
persistence (Pincus et al., 2002; Sterling, Jull, Vicenzino, Kenardy, & Darnell, 2005; Koleck, 
Mazaux, Rascle, & Bruchon‐Schweitzer, 2006; Casey, Greenberg, Nicassio, Harpin, & 
Hubbard, 2008). For example, women who experience high levels of stress are 1.6 times more 
likely to report persistent LBP than those with lower levels of stress (Schmelzer et al., 2016). 
Thus, stress is not only a significant symptom for people living with persistent LBP  
(Bjornsdottir et al., 2014), but is also a modifiable risk factor for pain persistence (Schmelzer 
et al., 2016).  
Stress is defined as a perception of threat (Fink, 2009), occurring when environmental demands 
tax an individual’s ability to cope and exceed an individual’s resources (Lazarus, 1990). Stress 
can be triggered by a range of external stressors including daily hassles (i.e. financial 
uncertainty) (McFarlane, 2007), occupational factors (i.e. high job demands) (Karasek et al., 
1998), adverse life events (i.e. death of a spouse) (Brugha, Bebbington, Tennant, & Hurry, 
1985) or internal cognitive stressors, such as perseverative negative thoughts (Brosschot, 
Gerin, & Thayer, 2006).  Although numerous studies have examined the relationship between 
stress  and  LBP,  these  are  predominantly limited to stress in the work environment or due to  
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serious childhood events (Hoogendoorn et al., 2002; Kopec & Sayre, 2005; Clays et al., 2007; 
Lang, Ochsmann, Kraus, & Lang, 2012). These factors are largely out of the control of the 
individual and may therefore be difficult to modify. For example, a recent systematic review 
reported monotonous work as a significant predictor of LBP (Lang et al., 2012), whilst a cohort 
study demonstrated that low decision latitude and low social support at work increased the risk 
of  persistent LBP (Clays et al., 2007). Similarly, a prospective cohort study examining the 
aetiological role of stressful childhood experiences in LBP, found that prolonged 
hospitalization and parental unemployment were associated with an increased risk of persistent 
LBP in adulthood (Kopec & Sayre, 2005). In contrast, stressors associated with everyday life 
(i.e. day-to-day hassles), outside of the work environment have received limited attention in 
LBP, despite the potential to more easily modify these stressors with appropriate interventions.  
It is currently unknown which day-to-day stressors may predispose individuals to persistent 
pain following an acute episode of LBP. Moreover, as no qualitative studies exist exploring the 
views of people with persistent LBP to daily stressors, it is unclear what people with persistent 
LBP perceive as stressful in their everyday lives. The aim of this study was to understand the 
nature and meaning of day-to-day stress and to identify common stressors amongst people with 
persistent LBP.  
The experience of everyday stress was investigated using Q-methodology, a unique 
combination of qualitative and quantitative research techniques, that allows for the sampling 
of subjective viewpoints, and assists in identifying patterns and areas of difference or overlap, 
across various perspectives on a given topic (Watts & Stenner, 2005). The qualitative aspect 
of  Q-methodology focusses  on participants’ expression  of  their  subjective opinions and the  
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quantitative aspect uses factor analytic data-reduction to provide insights about opinion 
formation (Valenta & Wigger, 1997). 
 
3.3 Methods  
3.3.1 Participants 
Individuals with persistent LBP were recruited via posters placed at different university 
campuses, physiotherapy clinics and social media (i.e. Facebook). People who had previously 
agreed to be contacted for research purposes were contacted via email and telephone. To be 
included, participants had to be experiencing any type of LBP that had persisted for more than 
3 months (Krismer & Van Tulder, 2007), able to access the Internet, and comprehend written 
English. Participants were excluded if their pain was recurrent, defined as pain occurring at 
least twice over the past year and with at least a 30 day pain-free period between episodes 
(Stanton, Latimer, Maher, & Hancock, 2011). Ethical approval was obtained from the 
institutional Human Research Ethics Committee (H11820). Consent was obtained online 
before participants engaged with the Q methodology activities.  
Between 40 and 80 participants is sufficient to identify different viewpoints using Q-
methodology (Stainton Rogers, 1995) and to obtain stability in the factor analysis (McNaught 
& Howard, 2001). Seventy-six individuals expressed an interest in participating in the study, 
61 of whom met the inclusion criteria (15 participants were excluded due to recurrent rather 
than persistent LBP).  
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3.3.2 Q-methodology 
Q-methodology aims to identify associations between viewpoints expressed by participants, 
using a factor analysis paradigm. In contrast to traditional qualitative approaches, where 
individuals constitute the sample under investigation, in Q-methodology the focus is on the 
viewpoints shared by participants rather than individual accounts (Cross, 2005).  
Q-methodology has five phases: i) identification of a concourse (a broad list of statements) 
encompassing, in this case, a variety of perspectives of day-to-day stress ii) development of a 
representative set of statements (Q-set), iii) selection of participants (P-set), iv) sorting of the 
Q set along a continuum of preference by participants (Q-sort) and v) quantitative factor 
analysis to identify patterns amongst participants (Watts & Stenner, 2005). Following analysis, 
discrete ‘factors’ emerge that represent statements that are sorted in a similar way by a group 
of participants. In this way, Q-analysis generates a range of unique, shared or overlapping 
viewpoints held by participants (Cross, 2005; Dziopa & Ahern, 2011). 
 
3.3.2.1 Concourse and Q-set development 
The goal in concourse development is to broadly encompass a particular topic without bias 
toward a particular viewpoint (Valenta & Wigger, 1997).  The concourse was developed by 
reviewing scientific articles (i.e. systematic reviews, validated questionnaires) and grey 
literature (i.e. non-validated questionnaires, online forums and websites) to capture possible 
stressors, everyday life hassles and potential negative emotions, thoughts and beliefs of people 
with  persistent  LBP regarding  stress (both  pain  and non-pain related). Initially, 904 clauses, 
phrases and  quotations  were  identified  which  were  reduced  to  87  statements by removing 
Chapter 3 
 
 
78 
 
 
duplicates or overlapping concepts. Statements were selected for inclusion if they were 
balanced (i.e. a positive or negative response could be elicited from the participant) and capable 
of eliciting a subjective response by stimulating a personal judgement or preference (Watts & 
Stenner, 2005). The Q-set was then peer reviewed by the research team, who, through 
discussion and consensus, refined the Q-set to 68 statements. For example, statements 
regarding physical somatization of stress (e.g. headaches, tense muscle) were eliminated, as 
the focus of the study was everyday stress in people with persistent LBP. 
Six participants living with LBP were then invited to review the Q-set either through face to 
face interviews (N = 2) or group discussion (N = 4). Participants were invited to read the Q-
set, provide comments and add items they considered relevant. At the end of this phase, nine 
statements were added to the Q-set. Finally, two academics with expertise in psychology and 
Q methodology reviewed the Q-set to remove duplicates, assess whether the statements were 
tightly related to the stress experience and not to other conditions (such as depression), and to 
remove ambiguous or overly complex statements. At the end of this process, 50 statements 
remained – a number sufficient to undertake the final Q-sort (Watts & Stenner, 2005). The full 
list of statements is provided in Appendix A3. (Table S3). 
 
3.3.2.2 Q-sort procedure and data collection 
The 50 statements in the Q-set were presented to participants for sorting using the web-based 
software Q-Assessor (Reber, Kaufman, & Cropp, 2000). The sorting activity was divided into 
two parts. Each participant initially sorted the statements into “agree”, “disagree” or “neutral” 
clusters. Then, using a drag-and-drop procedure, participants sorted individual statements from  
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each cluster into a custom sized quasi-normal distribution grid (Newman & Ramlo, 2010) 
(Appendix A3., Figure S1). Rankings of +4/5 and -4/5 represented strong agreement and 
disagreement respectively. Rankings of +2/3 and -2/3 represented moderately agreement and 
disagreement, whilst ±1 and 0 represented neutral. Participants submitted the completed Q-sort 
once they felt the statements were positioned into the grid to accurately represent their 
viewpoint. After completing the Q-sort, participants answered four open-ended questions 
regarding potential stressors and their impact on their pain experience (Watts & Stenner, 2005): 
Q1- “What are the main stress-related factors in your life and why do they make you feel 
stressed?”; Q2 – “Do you have any other stress-related factors that were not mentioned in the 
statements you just ranked? Please explain”; Q3 – “Do you think pain is the main cause of your 
stress? Please explain; Q4 – “Do you think your level of stress has an impact on your back 
pain? Please explain”. 
Finally, participants provided their demographic information, years with pain, medications, 
pain severity using a 0-100 numerical rating scale (NRS – anchored with no pain at 0 and worst 
pain imaginable at 100) (Jensen, Karoly, & Braver, 1986), and completed four standardized 
questionnaires: i) The Depression, Anxiety and Stress Scale (DASS-21), ii) The Pain 
Catastrophizing Scale (PCS), iii) The Pain Self-Efficacy Questionnaire (PSEQ) and iv) The 
Perceived Stress Scale (PSS) (Cohen et al., 1983; Nicholas, 2007; Samani, 2007; Sullivan, 
Bishop, & Pivik, 1995). Clinical cut-off scores are >9 for DASS_D (Depression), >7 for 
DASS_A (Anxiety) and >14 for DASS_S (Stress) (Lovibond & Lovibond, 1995). Clinically 
significant scores for PCS are >30 (Sullivan et al., 1995). Using the PSEQ, clinically significant 
scores are <40 (where scores below 40 represent low pain self-efficacy) (Tonkin, 2008). Using 
the PSS, the  higher  the  score,  the  more perceived  stress.  No cut-off  has been validated  in   
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the literature, however, scores >13 are considered clinically significant (Chilukuri, Bachali, 
Naidu, Basha, & Selvam, 2012).  
Before administering the Q-set to the whole sample, the Q-sort process was piloted with three 
participants with persistent LBP, who reported that the overall time needed to complete the Q-
activity was 40 to 50 minutes. 
 
3.3.2.3 Q-analysis 
The purpose of Q-analysis is to identify shared viewpoints that are represented by factors. This 
is performed by conducting a by-person factors analysis, which is an inversion of the 
conventional factor analysis commonly used to identify associations between variables in a 
selected population (Watts & Stenner, 2005). In by-person analysis, the statements of the Q-
set ranked by participants represent the sample under investigation, and the participants are the 
variables of interest. As a result, similarities between participants’ viewpoints are identified, 
with similar clusters used to determine the key factors.  
Factor analysis (undertaken using Q-Assessor software) calculated a correlation matrix 
reflecting the relationship between all individuals’ Q-sorts and, therefore, the degree of 
agreement or disagreement between the Q-sorts (Brown, 1993; Cross, 2005). Initial factors 
were then extracted using the centroid method that grouped Q-sorts by similar item rankings. 
Distinct factors were generated by varimax rotation (Watts & Stenner, 2005), which took into 
consideration the majority of viewpoints and identified clusters of individuals with shared 
viewpoints. Factors were considered to be interpretable if at least two Q-sorts (representing 
two   participants)  were  significantly  loaded  and  if  the  eigenvalue  was  greater  than   one  
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(Watts & Stenner, 2005). Q-sorts significantly loaded when they displayed a high level of 
association with a given factor (Ellingsen, Størksen, & Stephens, 2010). 
For interpretation, Q-Assessor provided each factor with ranking scores for all 50 statements 
(Appendix A3., Table S3). Then, according to the method by Watts and Stenner (Watts & 
Stenner, 2005), each statement’s ranking was analysed and compared to all other statements 
within each factor, with particular attention given to the whole configuration of items to achieve 
a holistic factor interpretation. Statements that statistically distinguished between factors and 
those that resulted in a high level of consensus (either end of the sorting continuum) were 
examined to clarify the difference between factors. Interpretation was enriched by demographic 
information and questionnaire results of those participants whose responses significantly 
loaded onto a factor. In addition, responses to the open-ended questions of those loaded were 
examined to assist the interpretation of each factor. 
 
3.4 Results  
Sixty-one participants completed the Q-sorts. Of these, 35 were female (57%), median age 42 
(lower-upper quartile: 30-54). Participants had various ethnic backgrounds, with the majority 
identifying as Anglo-Australian (27.9%) and European (44.3%). Participants had experienced 
persistent LBP for less than one year to up to 40 years. Thirty participants were taking 
medication and nine were taking antidepressants or anti-anxiety medications (data not shown).  
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3.4.1 Factor interpretation 
A seven factor solution was extracted that represented seven different viewpoints on stress 
amongst people with persistent LBP. Of 61 Q-sorts, 35 participants (14 males and 21 females, 
median age 37 years) loaded significantly on 1 of 7 factors, which explained 43.6% of the total 
variance. Table 1 shows the demographic information and questionnaire scores of participants 
that loaded onto each factor and participants that did not load.  
All seven factors were accepted for interpretation, including factors with the lowest number of  
participants (N = 3). This choice was made to achieve the best conceptual fit for the study and 
maintain a broad overview of the nature of day-to-day stress in people with persistent LBP. 
Secondly, as similarities between some factors were identified during the interpretation 
process, factors were summarised in four overarching themes that captured the main sources 
of stress and attitudes towards day-to-day stress. The four themes were: A) “A sense of control 
and agency over life and pain” (Factor 1), B) “Pain is the major stressor” (Factor 2 and 3), C) 
“Major stressors derived from the outside world” (Factors 4,5 and 6) and D) “Negative 
cognitions and poor self-image as the main stressors” (Factor 7).  
Overall, there were a range of different viewpoints expressed by people with persistent LBP 
and none of the 50 statements featured across all 7 factors. However, financial difficulties (5 
factors), lack of sleep (5 factors) and feeling anxious (5 factors) were expressed across most 
factors. In addition, participants typically did not engage in physical activity (4 factors), felt 
that their pain caused them to slow down (6 factors) and felt that pain had changed how they 
performed their daily activities (5 factors). 
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Table 3.1 Demographics and questionnaire scores for participants who loaded onto 
Factors 1-7 and for participants who did not load 
 
                                                                                                                                                                                          
 
F1 
n = 10
 
F2 
n = 5
 
F3 
n = 3  
        
  
F4 
n = 8 
 
  
F5 
n = 3
 
F6 
n = 3
 
F7 
n = 3 
 
Tot  
Loaded 
n = 35 
 
Tot Non-
Loaded 
n = 26 
 
Age (median) 43 60 53 34 34 30 30.5 36.5 43 
 
Females, n (%) 5 (50) 1 (20)  2 (66.7) 6 (75) 2 (66.7) 2 (66.7) 3 (100) 21 (60) 14 (54) 
 
Ethnicity, n (%)          
Anglo-Australian 5 (50) 1 (20) 3 (100) 1 (12.5) 2 (66.7) 0 0 12 (34.3) 6 (23) 
European 4 (40) 1 (20) 0 4 (50) 1 (33.3) 3 (33.3) 2 (66.7) 15 (42.9) 13 (50) 
Latin America 0 1 (20) 0 2 (25) 0 0 0 3 (8.6) 1 (3 .8) 
Asian 0 0 0 1 (12.5) 0 0 0 1 (2.9) 4 (15.4) 
Middle East 1 (10) 2 (40) 0 0 0 0 1 (33.3) 4 (11.4) 2 (7.7) 
 
Years living with  
pain, n (%)          
< 1  1 (10) 0 0 0 1 (33.3) 0 0 2 (5.7) 3 (11.5) 
1-10 7 (70) 1 (20) 3 (100) 6 (75) 0 2 (66.7) 3 (100) 22 (62.8) 15 (57.7) 
> 10  2 (20) 4 (80) 0 2 (25) 2 (66.7) 1 (33.3) 0 11 (31.4) 8 (30.8) 
 
In receipt of 
sickness  
benefit, n (%) 2 (20) 2 (40) 1 (33.3) 1 (12.5) 1 0 0 7 (20) 2 (7.7) 
 
Work status, n (%)          
Full-time 5 (50) 0 0 3 (37.5) 2 (66.7) 1 (33.3) 2 (66.7) 13 (37.1) 12 (46.1) 
Part-time 1 (10) 0 1 (33.3) 1 (12.5) 0 1 (33.3) 0 4 (11.4) 2 (7.7) 
Studying  0 2 (40) 0 1 (12.5) 0 0 0 3 (8.6) 3 (11.5) 
Studying and 
working  2 (20) 0 0 1 (12.5) 1 (33.3) 1 (33.3) 0 5 (14.3) 3 (11.5) 
Retired 1 (10) 0 0 1 (12.5) 0 0 0 2 (5.7) 3 (11.5) 
Home duties 1 (10) 0 0 1 (12.5) 0 0 0 2 (5.7) 1 (3.8) 
Unemployed due  
to pain 0 2 (40) 2 (66.7) 0 0 0 0 4 (11.4) 2 (7.7) 
Unemployed not  
pain related 0 1 (20) 0 0 0 0 1 (33.3) 2 (5.7) 0 
 
NRS - mean 
(SD)/100 37.2 (15.3) 47 (17.9) 74.2 (3.8) 62.2 (20.6) 46.7 (25.2) 50 (13.2) 49.3 (35.1) 49.8 (21) 
47.3 
(21.7) 
DASS-D*, n (%) 4 (40) 3 (60) 2 (66.7) 5 (62.5) 2 (66.7) 1 (33.3) 3 (100) 20 (57.1) 12 (46.1) 
DASS-A*, n (%) 1 (10) 3 (60) 3 (100) 5 (62.5) 3 (100) 2 (66.7) 3 (100) 20 (57.1) 10 (38.5) 
DASS-S*, n (%) 4 (40) 3 (60) 2 (66.7) 4 (50) 3 (100) 2 (66.7) 3 (100) 21 (60) 10 (38.5) 
PSEQ*, n (%) 1 (10) 4 (80) 3 (100) 2 (25) 1 (33.3) 0 0 11 (31.4) 11 (42.3) 
PCS*, n (%) 0 3 (60) 1 (33.3) 0     1 (33.3) 0 0 5 (14.3) 10 (38.5) 
PSS*, n (%) 6 (60) 5 (100) 3 (100) 7(87.5)     3 (100) 3 (100) 3 (100) 30 (85.7) 21 (80.8) 
*Questionnaires’ results show the number and frequency (%) of participants who scored above range of normality (or below in PSEQ) 
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Interpretation summarises the overall configuration of associated statements within each factor. 
The two poles are presented for each factor, as well as mid points where these are meaningful 
(16). Ranking positions are provided in brackets: for example, (13: +5) indicates that statement 
13 is ranked in the +5 position (strongly agree). Participant responses to the open-ended 
questions are provided in italics.  
 
3.4.1.1 Findings: Themes A-D   
Theme A: A sense of control and agency over life and pain 
Factor 1: “I've learned to live with the pain, so it doesn't stress me out”  
This viewpoint was endorsed by almost one third of exemplars who significantly loaded (N = 
10, five males and five females, median age 43 years). The average pain score (NRS/100 mean 
and standard deviation: 37.2±15.3) and perceived stress level (PSS median and lower-upper 
quartile: 14 (11.5-19.2)) for those in Factor 1 were the lowest amongst the factors. However, 
perceived stress scores were above normal in six participants and stress symptom scores were 
above normal range in four participants. PSEQ was within normal range (45 (41.5-55.2)). 
Although exemplars of Factor 1 experienced a range of life struggles, as recounted in the open-
ended questions, results from the factor analysis revealed that these participants had a sense of 
control over life and pain. These individuals felt in control of their daily hassles (18: -3) and 
did not feel anxious (19: -3) or trapped by their responsibilities (22: -2). They were capable of 
relaxing (2: +3), found it easy to make decisions (7: +4), did not feel guilty (16: -5) and did not 
depend on substances (i.e. alcohol, nicotine, food or drugs) to feel better (32: -4). Unique to 
individuals  in  Factor  1  was  the  view  that  they  had  sufficient resources to overcome their  
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problems (33: +2). Pain caused these individuals to be more cautious during activities (13: +5) 
but  pain  did  not  spread  throughout  their  body  (6: -4).  Although  exemplars  of  this factor 
believed their back pain would never recover (8:  +4), they felt healthy (24: +5), regularly took 
part in physical activity (37: +4) and knew how to manage their LBP (38: +3).  
Interestingly, in the open-ended comments, all exemplars acknowledged the presence of 
stressors in their life, sometimes caused by diminished participation due to pain and sometimes 
due to non-pain related factors (e.g. family or work responsibilities, fear of the future). One 
exemplar’s experience encapsulates Theme A through his ability to identify the source of his 
stress (family), as well as the need (as a potential coping strategy) to limit the exposure to his 
stressor (taking distance to recharge). P4: “My family can be a big stressor for me. My home 
environment is often a high-pressure space and I feel as I need to make more time for myself 
to spend away from my family”.  
 
Theme B: Pain is the major stressor 
Factor 2: “I’m feeling stuck” - The intrusive and limiting role of pain in life 
Five participants loaded onto Factor 2 (four males and one female, median age 60). The average 
pain score was 47±17.9. High levels of perceived stress (PSS: 21 (17.5-21.5)) were evident in 
this factor and present in all exemplars. Pain self-efficacy was below normal range (PSEQ: 30 
(26.5-39)) in four participants.  
In this factor, the intrusive presence of pain in life was the main cause of stress, accompanied 
by other non-pain related stressors. Living with pain caused exemplars to slow down (9: +5), 
move more cautiously (13: +5) and limited their capacity to fully participate in, and enjoy, their  
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daily activities (17: +4; 20: +3). In the open-ended comments, one exemplar endorsed a sense 
of  incomplete  life fulfilment and a perception of feeling trapped by his pain: P13: “No work, 
low finances, stuck here. Can't participate”. On the other hand, participants reported some sort 
of control over pain. They felt healthy despite their LBP (24: +3), were aware of how to manage 
their back pain (38: +3) and took part in physical activity to reduce their pain (37: +4). 
Nevertheless, managing pain was not perceived as a positive or very effective means of 
controlling pain, but instead was described as another limiting factor in their lives (39: +2). 
Limitations due to pain were not the only source of stress. Exemplars recognised themselves 
as worrying too often (1: +3), especially about finances (35: -5). They also had difficulty 
making decisions (7: -4) and felt they had insufficient resources to overcome their problems 
(33: -2), indicating limited coping strategies to overcome difficulties. One exemplar indicated 
his main non-pain related stressors: P12: “The main cause is the uncertainty of my future, in 
personal and professional life, I'm always worried about my money and relationship”. Another 
exemplar explained how pain and stress influenced each other: P13: “Flare ups increase stress 
and anxiety. Stressful events cause instant referred pains or flare ups. Lack of time creates 
stress”. 
 
Factor 3: “I feel unwell all the time” - Pain as an overwhelming stressor 
Three participants loaded in Factor 3 (one male and two females, median age 53). The average 
pain score was higher in Factor 3 than for any other factor (74.2±3.8). High levels of perceived 
stress were present (PSS: 24 (19-31) along with symptoms of anxiety (DASS-A: 28 (10-40)) 
and low pain self-efficacy (PSEQ: 28 (11-28)) in all participants. Notably, all participants were 
taking anti-depressants.  
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Similar to Factor 2, exemplars in Factor 3 perceived their persistent LBP to be the main stressor. 
However, individuals in this group could not manage their pain and felt they were a burden to 
others. Exemplars believed their back pain would never recover (8:  +5), and, although pain 
was slowing them down (9: +4), they did not know how to manage their back pain (38: -3), 
stating that attempts to manage their pain was limiting their lives (39: +5).  Exemplars felt like 
a burden to others (21: +3), which was confirmed by one comment: P16: “not be able to do 
simple things like helping around the house, I feel like I'm letting my family down”. Pain was 
perceived as difficult to accept (3: +4) and individuals did not feel healthy despite their LBP 
(24: -5), and were frustrated that they could not fully engage in everyday tasks (17: +4).  
Exemplars exhibited some mood and cognitive concerns, such as feeling anxious (19: +3) and 
a tendency to focus on past negative experiences (10: +3). One individual reported that previous 
negative experiences increased her stress level: P17: “long history of alcohol, drug abuse, 
trying to cope without is difficult and often results in isolation and depression”. 
 
Theme C: Major stressors derived from the outside world 
Factor 4: “The more stress, the more often I have back pain” - feelings of being overwhelmed  
Eight participants loaded onto Factor 4 (two males and six females, median age 34). The 
average pain score was 62.2±20.6 and high levels of perceived stress (PSS: 27 (19.75-31.5)) 
were experienced. Depression and anxiety symptoms were above normal range in five 
participants (DASS_D: 14 (5-35.5) (DASS_A: 15 (4.5-25.5)), whilst perceived stress scores 
were above normal range in seven participants. Pain self-efficacy was low in two participants 
(PSEQ 45.5 (37.2-50.2)). 
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In Factor 4, stress derived mainly from the outside world and manifested as cognitive, 
emotional and behavioural imbalance, provoking a sense of exhaustion. Exemplars felt trapped 
by their responsibilities (22: +4) and had family worries (26: +4). They felt overwhelmed (15: 
+5) and anxious (19: +3), and they found it difficult to relax (2: -3). They did not have enough 
time for themselves (30: -4) and did not get sufficient sleep (25: -5). These individuals also 
reported lack of control over their lives (18: +5), difficulty making decisions (7: -5), and a 
perception of not having sufficient resources to overcome problems (33: -4).  
Exemplars in Factor 4 struggled to manage their many responsibilities and felt pressured and 
dissatisfied: P21: “Study, work, sleep. Because I don't do enough of either of them”. P25: 
“Money - don't make enough, family - looking after twins on minimal sleep”. P26: “I have to 
do a lot of things within a short time, every time speaking in English and standing up. My back 
and my head hurt at the end of the day”. A similar lack of agency and inability to cope with 
difficulties was also evident in the way exemplars approached their pain condition. Individuals 
did not know how to manage their pain (38: -2), were unable to enjoy (20: +3) or perform (17: 
+3) daily activities as they had before their LBP and did not take part in physical activity (37: 
-2). 
 
Factor 5: “Lack of time to take care of my health” - Family worries and environmental demands 
Three participants loaded in Factor 5 (one male and two females, median age 34). The average 
pain score was 46.7±25.2. Perceived stress and stress symptom scores were above normal range 
(PSS: 16 (14-23)), (DASS-S: 20 (16-28)) in all participants as well as anxiety symptom scores 
(DASS-A: 8 (8-20)). Pain self-efficacy was low in one participant (PSEQ 45 (27-45)).  
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In this factor, exemplars experienced high levels of stress and pressure from the outside world 
that resulted in physical tiredness. Stressors included family worries (26: +4), high family 
demands (36: +3), financial issues (35: -4) and feelings of anxiety (19: +3) and worry (1: +3). 
Notably, all participants felt that stress exacerbated their back pain. One exemplar expressed 
the difficulty in trying to juggle many responsibilities and family health problems and the 
impact of those stressors on his LBP: P27: “Children health problems. PhD, Part time work, 
full time work. Often I get tension headaches when stressed. After the initial headache the pain 
tends to radiate down my back as if trying to over compensate for the head/neck pain”. 
In contrast to Factor 4, exemplars felt more in control of their lives (18: -5), regardless of their 
worries, and found it easier to make decisions (7: +3). On the other hand, individuals in this 
factor suffered from a lack of sleep (25: -3), did not have enough time for themselves (30: -3), 
found it difficult to relax (2: -4), and did not engage in physical activity (37: -3), possibly due 
to lack of time. Further, exemplars relied on substances to feel better (i.e. alcohol, nicotine, 
food, drugs) (32: +5), suggesting that coping strategies were externalised to provide solace. 
 
Factor 6: “I’m worried about money and rent” - Financial stress and changes in living 
conditions 
Three participants loaded onto Factor 6 (one male and two females, median age 30). Notably 
all were recent migrants. The average pain score was 50±13.2 and perceived stress was above 
normal range (PSS:19 (18-26)) in all participants. Symptoms of anxiety and stress were above 
normal range in two participants (DASS_A: 12 (6-20)), (DASS_S: 18 (10-26)). Pain self-
efficacy scores were within normal range in all participants (PSEQ: 49 (48-49)). 
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The main viewpoint in this Factor was that stress derived from the combination of living with 
chronic pain and external stressors. Although exemplars felt healthy despite their back pain 
(24: +5), they strongly believed their pain would never recover (8: +5), causing them to enjoy 
their activities less (20: +4). They recounted financial worries (35: -4) and had experienced 
recent changes in living conditions that affected their well-being (40: +2). One exemplar 
reported difficulties in settling into a new life: P31: “Main factor is (being) out of the comfort 
zone (I moved recently to Australia), work in other area not my area from my country”.  
Although exemplars showed a sense of control over their lives (18: -3), they felt irritable (23: 
+4), and did not feel they had enough resources to overcome problems (33: -3), perhaps due to 
financial strain or being a recent migrant. At work, exemplars did not have much responsibility 
(45: -3) or variety (46: +2), but did not perceive that their job negatively affected their physical 
wellbeing (48: -4). Exemplars felt unsupported by others (44: -3) and were highly physically 
active (50: +4). In the open-ended comments, two participants shared a general sense of 
dissatisfaction with their work situation: P30: “I quitted my job a week ago, it didn't make me 
feel fulfilled”. P32: “I have not developed my career that makes me feel stressed because could 
be difficult finding a job later”. 
  
Theme D:  Negative cognitions and poor self-image as main stressors 
Factor 7: “Not feeling appreciated or valued”  
Three participants loaded onto Factor 7 (three females, median age 30.5). The average pain 
score was 49.3±35.1. Perceived stress scores were above normal range (PSS: 26 (16-28)) as 
well  as  symptoms  of  depression  (DASS_D: 12 (10-24)),  anxiety  (DASS_A: (8))  and  stress  
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(DASS_S: 24 (22-26)) in all participants. Pain self-efficacy scores were within normal range 
(PSEQ: 58 (50-60)). 
Factor 7 was dominated by personal fears, worries and a negative self-perception. Exemplars 
worried about how others perceived them (11: +5), as well as about their personal appearance 
(14: +4). Low self-esteem and not feeling empowered in social relationships was recounted by 
one exemplar, P33: “My relationship is a big one, not feeling liked by my partner; I used to be 
under-valued by my work bosses”. Negative feelings were reported, such as guilt (16: +3) and 
anxiety (19: +4). Exemplars experienced frequent worries (1: + 4), reported difficulties in 
making decisions (7: -2) and did not feel in control of their lives (18: +2). One exemplar 
expressed feelings of failure and being trapped in an unsatisfactory job: P34: “Fear of failing, 
feeling stuck in work you know isn't good for you but feeling like you have no choice”.  
Exemplars dwelled on past negative experiences (10: +5), which in turn, impacted their body 
and mind. P33: “Anxiety of loved ones dying and having lost people in the past”. One exemplar 
recounted the impact of complex grief on their health, wellbeing and future outlook, P35: 
“Some past negative experiences which happened over a short period of time (e.g. loss of very 
close people (3) to me over a week. These events adversely impacted my physical and mental 
health over the past 4 years”.   
In the open-ended questions exemplars reported that having LBP was not their primary stressor. 
In addition, having pain did not limit the ability to enjoy daily activities (20: -3) or perform 
tasks at work (41: -4) and managing pain was not considered a limiting factor in life (39: -5). 
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3.5 Discussion 
This is the first study to explore how people with persistent LBP perceive stress in their 
everyday lives, combining Q-methodology, validated questionnaires and open-ended 
questions. Our findings demonstrate that experiences of stress are multifaceted and differ 
across individuals. Four overarching themes captured the nature and attitudes of people living 
with persistent LBP towards day-to-day stress. The first major theme centred on a sense of 
control and agency over life and pain. In contrast, the remaining themes described: stress 
related to pain, stress derived from the outside word, and stress related to negative cognitions 
and poor self-image. No common environmental stressors were identified across themes. The 
findings of this study, that represent a snap shot of shared viewpoints in persistent LBP, provide 
a foundation for clinicians to discuss the experience of everyday stress with patients and to 
identify stressors, unique to each individual, that if modified could potentially improve the 
experience of persistent LBP. 
Although participants represented by Theme A (Factor 1), reported some level of stress in their 
everyday lives, their locus of control was internal and exemplified by an ability to manage pain, 
suggesting participants in this theme had robust coping strategies (Endler, Corace, 
Summerfeldt, Johnson, & Rothbart, 2003; Jerusalem & Schwarzer, 1992). For these 
participants, the ability to cope may have positively impacted on pain perception and the level 
of stress, as this group reported the lowest pain and stress scores. Findings within Theme A 
resonate with previous studies reporting that when pain self-efficacy is present, pain-related 
disability reduces (Turner, Ersek, & Kemp, 2005) and individuals are better able to accept and 
cope  with  pain (Altmaier,  Russell,  Kao,  Lehmann, &  Weinstein,  1993; Risdon,  Eccleston,  
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Crombez, & McCracken, 2003). However, it is also possible that participants’ low pain 
intensity may have positively influenced their self-efficacy and locus of control, resulting in a 
better ability to manage their pain experience. Given the cross-sectional nature of the present 
study, it is not possible to infer causation between these factors. 
In Theme B (Factors 2 and 3), pain was the main source of stress, causing high disability and 
limitation in life (e.g. financial, social withdrawal). For some participants (Factor 3), pain was 
overwhelming and negatively impacted their self-image and relationships with others.  Living 
with chronic LBP led to feelings of hopelessness and powerlessness, accompanied by worries, 
and symptoms of depression and anxiety, characteristics that are consistent with previous 
qualitative studies (Walker, Holloway, & Sofaer, 1999; Smith & Osborn, 2007; De Souza & 
Frank, 2011; Ellegaard & Pedersen, 2012). Scores on the PSEQ were low and managing pain 
was considered a limiting factor in itself, perhaps because participants used passive (e.g. 
praying or hoping), or ineffective strategies to cope with pain (Brown & Nicassio, 1987). Our 
findings suggest that, for some people, living with pain may constantly be at the centre of their 
attention, causing a cascade of negative emotional and social consequences. The identification 
of pain as the primary stressor can be an important first step for clinicians in delivering tailored 
interventions primarily focussed on pain management (e.g. educational programs, medical 
management, learning pain-related coping skills). 
In Theme C (Factors 4, 5 and 6), stress was caused not by pain, but by the surrounding 
environment, such as family demands, work, financial difficulties and life changes, resulting 
in physical and emotional strain. Participants struggled to juggle responsibilities, or lived in 
destabilizing  circumstances  (e.g.  being  a  recent  migrant). A  large  body  of  literature  has  
 
Chapter 3 
 
 
94 
 
 
previously examined the role of work-related stress in LBP. In the present study, dissatisfaction 
at work emerged  only  in  one factor (Factor 6). In contrast, a broad range of stressors outside 
the workplace were identified.  These  findings  are  consistent  with  those  of  Feuerstein et al  
(Feuerstein et al., 1985), who, through psychometric instruments, demonstrated that people 
with persistent LBP experienced higher levels of general life stress and more family conflicts 
compared with healthy controls. This study emphasizes that for some people, the surrounding 
environment may be a bigger source of stress than pain itself. For these individuals, addressing 
how to manage and cope with pain may not be sufficient to decrease the level of stress and 
anxiety present (Turner et al., 1987). Thus, stress or time management programs may be useful 
tools to integrate in clinical interventions for this sub-group of the population. 
In Factor 4, participants recounted not only the presence of environmental stressors, but also a 
strong negative impact of those stressors on their wellbeing. Responsibilities were perceived  
as highly demanding and overwhelming, were accompanied by a loss of control and an absence 
of coping strategies to manage stress. Participants in this factor reported the highest perceived 
stress scores, perhaps as a consequence of their sense of failure in coping with stress. The 
negative relationship between high stress and a low locus of control has been suggested in other 
non-pain studies, for example in educational psychology (Parkay, Greenwood, Olejnik, & 
Proller, 1988). Moreover, by dealing with pain for an extended period of time, participants may 
lose their locus of control or may lack sufficient instrumental or problem-solving skills, which 
in turn impacts upon their ability to cope with pain. This interpretation is consistent with the 
diathesis-stress model. This model suggests that pre-existing individual characteristics (i.e. 
lack of personal locus of control or problem-solving skills) may become more evident when 
individuals  are  attempting  to  cope  with  pain-related  stress (Banks  &  Kerns, 1996; Dersh,  
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Pincus & Williams, 1999; Polatin, & Gatchel, 2002). These findings suggest that assessing the  
locus  of  control  and  the  presence of problem-solving skills in highly stressed individuals, 
may be useful in clinical practice, and lead to tailored patient centred interventions that 
encompass stress management. 
In contrast to all other themes, participants in Theme D (Factor 7), were fearful, excessively 
worried and had low self-esteem. Participants appeared dependant on the approval of others 
and they experienced insecurities and fears of failure. Negative self-perception impacted on the 
level of stress and pain perception. Interestingly, PCS and PSEQ were within normal range, 
indicating that the negative cognition was connected more to their overall self-perception and 
less to their pain appraisal. These characteristics have not been previously identified in the 
persistent LBP literature, although they have been noted in women with fibromyalgia who 
showed an increased and prolonged pain intensity when stress was experimentally induced by 
negative mood (Davis, Zautra, & Reich, 2001). Findings from the present study suggest that in 
some people with persistent LBP, primary stressors may not be environmental or pain-related, 
but internalised and related to a negative self-perception or unhelpful cognitive patterns. The 
assessment of internal stressors and strategies to address or improve these, through specific 
psychologically-focussed therapy, may be relevant in this sub-group of individuals with 
persistent LBP. 
This study has a number of strengths. The sample included Australians from a range of ethnic 
backgrounds including Anglo-Australians, Europeans and recent migrants, ensuring a range of 
perspectives were captured. Moreover, broad recruitment strategies were utilised to ensure that 
viewpoints were gathered from participants who did not necessarily seek health care or receive 
sickness benefits.  
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Data triangulation where Q-sorts were combined with data gathered through questionnaires 
and open-ended questions ensured a better understanding of factors and  helped  to increase 
internal validity (Onwuegbuzie & Leech, 2007). However, it is important to note that results 
from questionnaires showed high variability, due to the small number of participants identified 
in each factor. A larger sample would have narrowed variability for these measures and 
increased confidence in the interpretation of these results. 
In regards to limitations, our findings represent a sub-set of the persistent LBP population and 
cannot be generalised. Anglo-Australians and Europeans were over-represented in this sample, 
and it is possible that only individuals with strong views on stress consented to participate. 
Moreover, participants who loaded onto the seven factors explained 43.6% of the total 
variance, suggesting that a proportion of the sample was not represented by these seven 
viewpoints.  
The broad range of viewpoints provided in the current study may support clinicians to ask more 
focussed questions regarding the source of stress in their assessments, to generate patient 
centred hypotheses that might improve the support offered to individual patients, and to know 
when to refer patients to psychological support services. However, given the heterogeneous 
features of our sample, further research is warranted to explore day-to-day stress in different 
LBP subgroups. In particular, it may be useful to replicate the methodology across different 
cultures and in more homogenous groups, for example distinguishing between people whose 
pain is pronominally nociceptive, neuropathic or centrally driven (i.e. central sensitization) 
(Nijs et al., 2015).  
Given the extensive process in developing the Q-set, the list of statements used in the  current  
study  may  be  used,  in  the future,  to  formulate  a  questionnaire measuring the complex and 
multifaceted  experience of   stress,  specifically  tailored  to  individuals with LBP. Moreover,  
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some participants  in  this  study  reported  a variety of stressors and difficulties in coping with 
stress or pain, whereas others reported better coping strategies and locus of control combined 
with lower pain levels. Due to the cross-sectional nature of this study, it is not possible to 
assume a causal association between the experience of pain, pain self-efficacy, stress and locus 
of control. Further prospective studies are warranted to clarify the temporal relationship 
between these variables, and whether: i) stress management programs can help to decrease 
stress and improve an individual’s ability to cope with persistent pain, ii) improving 
instrumental skills, coping strategies and reducing negative cognitions can enhance the locus 
of control, feelings of self-agency and pain self-efficacy and iii) personality features and 
vulnerability to stress are potential risk factors for the development of persistent LBP. 
 
3.5.1 Conclusion 
This study demonstrates that people with persistent LBP are stressed by a range of everyday 
factors that can be pain or non-pain related. The primary source of stress differs between 
individuals. Identifying individual stressors is essential to facilitate tailored interventions that 
help people to manage stress and subsequently, their persistent LBP.  
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The impact of comorbid persistent 
musculoskeletal pain on central pain 
processing and psychological health in 
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4.1 Abstract  
OBJECTIVE: Individuals experiencing musculoskeletal pain in body regions outside the back 
are more likely to develop a new episode of LBP. However, mechanisms underlying LBP onset 
in individuals suffering from comorbid persistent musculoskeletal pain are unclear. This study 
aimed to investigate whether peripheral and central pain processing and psychological health 
differ in individuals with acute low back pain (LBP) who present with, and without, comorbid 
persistent musculoskeletal pain. METHODS: In fifty-eight individuals with acute non-specific 
LBP (29 with LBP alone and 29 with comorbid LBP), pressure and heat pain thresholds, 
descending inhibitory pain modulation and psychological factors were assessed within four 
weeks of LBP onset. RESULTS: Pressure pain thresholds at a remote body site (thumbnail) 
were higher in individuals with comorbid pain (p < 0.05) when compared to those with LBP 
alone. There was no difference between groups on any other measure assessing central pain 
processing. Symptoms of depression (55% of participants in the comorbid group, vs. 3.4% in 
the LBP alone group, p < 0.01), anxiety (45% vs. 7%, p < 0.01), stress (59% vs. 7%, p < 0.01) 
and lower pain self-efficacy (41% vs. 14%, p < 0.05) were more frequent in the comorbid LBP 
group. CONCLUSIONS: Psychological health, but not central pain processing, distinguishes 
individuals with comorbid musculoskeletal pain from those with single site pain when LBP is 
acute. 
 
4.2 Introduction 
Low back pain (LBP) is the most common musculoskeletal disorder worldwide, affecting 
approximatively  632  million  people  (Lim et al., 2013; Hoy et al., 2014). However, LBP 
rarely presents  in   isolation  and  is  frequently  associated  with  other  health   comorbidities  
Chapter 4 
 
 
100 
 
 
(Hestbaek, Leboeuf-Yde, & Manniche, 2003) including persistent musculoskeletal pain in 
regions outside the back (Gore, Sadosky, Stacey, Tai, & Leslie, 2012; Hartvigsen, Natvig, & 
Ferreira, 2013; Ramond-Roquin et al., 2015). Comorbid persistent musculoskeletal pain refers 
to pain arising from bone(s), joint(s), muscle(s), or related soft tissue(s), affecting single or 
multiple body sites, and persisting for more than three months (Davies, Crombie, & Macrae, 
1998; Treede et al., 2015). Individuals experiencing comorbid musculoskeletal pain in other 
body regions are twice as likely to develop a new episode of LBP compared to individuals with 
no musculoskeletal pain at baseline (Papageorgiou et al., 1996). Although an association 
between the presence of comorbid musculoskeletal pain and a new episode of LBP has been 
identified, the mechanisms that contribute to this relationship are unclear. Several mechanisms 
are proposed to mediate the relationship between comorbid persistent musculoskeletal pain and 
a new episode of LBP including i) altered mechanisms of pain processing (increased 
excitability of spinal and cortical neurons to sensory stimuli and/or impaired descending 
inhibitory pain modulation; and ii) reduced psychological health (Arendt-Nielsen & Graven-
Nielsen, 2003; Hartvigsen et al., 2013; Hannibal & Bishop, 2014).  
Altered central pain processing has been observed in many persistent musculoskeletal 
disorders, for example in widespread musculoskeletal pain, chronic whiplash-associated 
disorders, chronic fatigue syndrome, and chronic temporomandibular disorders (Laursen, 
Bajaj, Olesen, Delmar, & Arendt‐Nielsen, 2005; King et al., 2009; Nijs, Van Houdenhove, & 
Oostendorp, 2010; Nijs et al., 2012; Van Oosterwijck, Nijs, Meeus, & Paul, 2013; Cagnie et 
al., 2014). In these conditions, symptoms of hyperalgesia (exaggerated pain in response to 
painful stimuli) and allodynia (pain in response to non-painful stimuli) to sensory stimuli (e.g. 
pressure or thermal) provide evidence for  an  augmented responsiveness of the central nervous 
system to peripheral inputs.  In  some  individuals,  an  initial  peripheral injury  is  thought  to   
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trigger  this central hyperexcitability, characterised by enhanced excitatory neuronal signalling 
and reduced inhibition (Woolf, 2011), that, together, are hypothesised to play an important role 
in the development and maintenance of persistent pain (Phillips & Clauw, 2011; Cagnie et al., 
2014;). Thus, it is plausible that individuals already experiencing persistent musculoskeletal 
pain may have altered central pain processing that predispose to the development of new 
painful sites.  
Conversely, poorer psychological well-being associated with comorbid musculoskeletal pain 
may predispose individuals to the development of new painful sites via altered sympathetic and 
neuroendocrine activity that facilitates cortisol dysregulation (through either hypercortisolism 
or hypocortisolism) and increases body inflammation (Clauw & Williams, 2002; Robinson et 
al., 2009; McEwen & Kalia, 2010; Hannibal & Bishop, 2014). Further, high levels of stress, in 
particular when persistent, can alter pain thresholds and increase pain sensitivity (Gamaro et 
al., 1998; da Silva Torres et al., 2003; McEwen & Kalia, 2010). No study has investigated 
whether people with acute LBP who also present with comorbid persistent musculoskeletal 
pain have i) impaired central pain processing or ii) poorer psychological health, or iii) higher 
stress levels when compared with people experiencing acute LBP alone. 
The aim of this study was to investigate whether pain processing (peripheral and central) and 
psychological health differed between individuals with acute LBP who presented with, and 
without, comorbid persistent musculoskeletal pain outside the low back. We hypothesised that 
people with acute LBP, who were also experiencing comorbid persistent musculoskeletal pain 
would  display  increased  neuronal  excitability,  including  greater  impairment in descending 
inhibitory  pain  modulation,  and/or  poorer psychological health, than people with acute LBP  
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alone.  In addition, we hypothesised a positive correlation between enhanced pain processing 
and stress symptoms in people with comorbid persistent musculoskeletal pain. 
 
4.3 Methods 
4.3.1 Participants  
A cross-sectional study design was used to compare central pain processing and psychological 
health in people with acute LBP who presented with i) acute LBP alone (N = 29, F = 15, Mean 
age ± SD: 39 ± 15) or ii) acute LBP with comorbid persistent musculoskeletal pain (N = 29, F 
= 15, Mean age ± SD: 39 ± 14). The recruitment process was part of a larger trial that aimed to 
select participants with acute non-specific LBP (with or without co-morbid musculoskeletal 
pain). Co-morbid musculoskeletal pain was assessed during the laboratory testing. A sample 
of 29 participants with comorbid pain was selected, and, consequently, matched with 
participants with LBP alone. Participants with comorbid musculoskeletal pain included in the 
study were age- and sex-matched with participants with LBP alone. As there have been no 
studies investigating central pain processing in acute LBP in conjunction with comorbid 
musculoskeletal pain on which to base a sample size calculation, a convenience sample was 
utilized. 
Participants were recruited from local hospitals, General Practitioners, physiotherapy and 
chiropractor practices, on-line advertisements and social media sites such as Facebook. 
Participants were contacted and screened according to the Royal College of General 
Practitioners’ LBP Guidelines (Waddell, Feder, McIntosh, Lewis, & Hutchinson, 1998). 
Participants were eligible if they: i) had  acute, non-specific  LBP (lasting < 4 weeks) between  
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the last thoracic vertebra and the gluteal fold, ii) had LBP lasting a minimum of 24 hours that 
resulted in functional limitation, iii) had a first episode of LBP or previous history of LBP with 
at least two months without pain between episodes. Individuals were excluded if they: i) were 
under 18 years of age, ii) presented with suspected nerve root involvement or spinal pathology 
(fracture, tumour, cauda equina syndrome), iii) LBP was caused by a significant trauma or iii) 
presented with other major diseases/disorders (e.g. neurological or psychiatric conditions). All 
participants were given information about the project and provided written informed consent. 
The study was approved by the Institutional Human Research Ethics Committee (H10465) and 
conformed to the Declaration of Helsinki. 
 
4.3.2 Experimental procedure 
Eligible participants attended a single test session that included the collection of demographic 
information (age and gender), information on health care use (e.g. access to general 
practitioner, specialised doctors, health professionals, hospital visits, use of diagnostic tests) 
and information regarding LBP characteristics, disability and other musculoskeletal pain 
conditions. Assessments of peripheral and central pain processing were made using heat pain 
(HPT), pressure pain thresholds (PPT), and conditioned pain modulation (CPM) protocol 
(Yarnitsky et al., 2015). HPT testing lasted approximately 15 minutes followed by five minutes 
for PPT testing. CPM testing took approximately 30 minutes. Assessments of pain processing 
was followed by the administration of validated psychological self-reported questionnaires: (1) 
the short-form Depression Anxiety Stress Scale (DASS-21), (2) the Pain Catastrophizing Scale 
(PCS), and (3) the  Pain Self-Efficacy Questionnaire  (PSEQ).  Completion  of  questionnaires  
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took 20 minutes, and the overall length of the experimental procedure ranged between 70-80 
minutes.  
 
4.3.2.1 Brief Pain inventory and Roland Morris Disability Questionnaire 
LBP characteristics were assessed using the Brief Pain Inventory (BPI), a validated and well-
established questionnaire used in non-cancer pain and sensitive to change in LBP (Keller et al., 
2004). The BPI evaluates the visual location of LBP (body chart), the least, worst and average 
pain intensity during the previous week and pain at the current time (on a 0-10 Numerical 
Rating Scale - NRS, where 0 = no pain and 10 = worst pain imaginable). The BPI also assesses 
the   level  to  which  pain  interferes  with   general  activity,   mood,  walking   ability,  work, 
relationships, sleep and life enjoyment (on a 0-10 NRS). The BPI has been shown to have 
acceptable internal consistency (Tan, Jensen, Thornby, & Shanti, 2004) and is valid and reliable 
across different cultures and languages (Cleeland & Ryan, 1994). Additional information 
regarding previous history of LBP was recorded, in particular the frequency of previous 
episodes of LBP in the past year.  
Disability was assessed using the Roland Morris Disability Questionnaire (RMDQ), a valid 
and reliable tool in the LBP population (Roland and Morris 1983). The RMDQ is characterised 
by 24 items with the score summed from the number of items selected by each participant. The 
RMDQ scores are then converted to a percentage (total score/24 x 100%) where a higher 
percentage indicates greater disability. 
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4.3.2.2 Definition of comorbid musculoskeletal pain  
Comorbid persistent musculoskeletal pain was evaluated using the question: “Have you ever 
had any pain condition lasting longer than three months? If so, can you specify the location, 
onset and duration?” Additionally, comorbid painful sites were indicated on the body chart 
used in the BPI. When one or more pain sites was present outside the low back at the time of 
testing, participants were classified as having comorbid persistent musculoskeletal pain. For 
example, an individual who reported current unilateral knee pain of greater than three months 
duration was classified as having comorbid persistent musculoskeletal pain. Overall, 11 
participants reported comorbid musculoskeletal pain on one site other than LBP, nine on two 
sites, five on three sites and four participants on four sites, respectively. Details on pain sites 
are outlined on Table 4.1 
Table 4.1 Number of participants according to pain site 
Pain sites No of participants 
Neck  14 
Upper back  6 
One shoulder  7 
Both shoulders  3 
One knee 6 
Both knees 5 
One foot 2 
Feet 1 
Wrist or elbow 2 
Head 2 
Calves 1 
Hip 1 
 
 
 
Chapter 4 
 
 
106 
 
 
4.3.2.3 Assessment of heat pain thresholds  
Heat pain thresholds (HPT) were used to evaluate the transmission of thermal sensory stimuli. 
HPTs were assessed using a 30 × 30–mm Q-Sense Thermode (Medoc, Ramat Yishai, Israel) 
which was pre-set with a baseline temperature of 30°C and increased at a ramp rate of 1.8°C/s. 
Participants were asked to push a button when the heat sensation first became painful. Three 
recordings were made at the site of worst LBP, contralateral to the side of worst LBP and at a 
remote  site  (ventral  forearm  contralateral  to  the side of worst LBP). The mean of the three 
measurements at each site was used for analysis (Marcuzzi, Wrigley, Dean, Adams, & Hush, 
2017). HPTs have good test–retest repeatability in chronic non-neuropathic pain (Agostinho et 
al., 2009). 
 
4.3.2.4 Assessment of pressure pain thresholds 
Pressure pain thresholds (PPT) were used to evaluate the transmission of mechanical (i.e. 
pressure) stimuli. PPTs were measured using a hand-held pressure algometer (Somedic 
SenseLab AB, Stockholm, Sweden) with a probe size of 1 cm2 and an application rate of 40 
kPa/s. Participants were requested to push a button when the pressure sensation first changed 
from one of pressure to pain. Three recordings were made at the site of worst LBP and at a 
remote site (ipsilateral thumbnail). The mean of the three measurements at each site was used 
for analysis (Marcuzzi et al., 2017). PPTs have a good test-retest reliability in LBP (Paungmali, 
Sitilertpisan, Taneyhill, Pirunsan, & Uthaikhup, 2012).  
 
 
Chapter 4 
 
 
107 
 
 
4.3.2.5 Assessment of descending inhibitory pain modulation 
Conditioned pain modulation (CPM) was used to assess the efficacy of endogenous descending 
inhibitory pain modulation in the presence of two noxious stimuli (pressure and heat), at two 
different body sites (site of worst LBP and contralateral forearm) (Marcuzzi et al., 2017). Using 
the conditioned pain modulation (CPM) protocol, two painful stimuli (test and conditioning 
stimuli) are simultaneously applied over  two  distant  body sites, followed by an evaluation of 
how much the conditioning stimulus inhibits the pain response evoked by the test stimulus 
(Yarnitsky et al., 2015). 
First, three PPT measurements were applied as the test stimulus (TS). Then, the previously 
determined HPT (increased by 1°C) was applied as the conditioning stimulus (CS).  
Participants were instructed to rate their pain on a numerical rating scale (0 = no pain, 100 = 
unbearable pain) at 0 s, 30 s and at the end of the trial. If pain scores were maintained between 
50 and 80, three PPT measurements were repeated, while participants were still receiving heat 
pain. 
Two trials were performed: i) TS at the site of worst LBP and CS on the contralateral ventral 
forearm; ii) TS on the belly of the extensor carpi radialis longus muscle, ipsilateral to the side 
of worst LBP, and CS at the low back, contralateral to the side of worst LBP.  A 15 min washout 
period was given between the two trials. The mean of the three PPT measurements for each 
trial (before and during heat pain) was computed and the difference between the second and 
the first mean calculated. The CPM value was represented by the final score, with a positive 
value indicating pain inhibition and a negative value pain facilitation (Yarnitsky et al., 2015). 
CPM is considered a reliable measure, including in LBP (Kennedy, Kemp, Ridout, Yarnitsky, 
& Rice, 2016; Vuilleumier et al., 2015). 
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4.3.2.6 Psychological assessments 
The DASS-21 is a 21-item, 4-point (0 to 3) questionnaire designed to measure mood states 
using three subscales: symptoms of depression, anxiety, and stress (Henry & Crawford, 2005). 
Subscale   scores  range  from  0  to  42  and  clinical  cut-off  values  are  >  9  for  DASS_D 
(Depression), > 7 for DASS_A (Anxiety) and > 14 for DASS_S (Stress) (Lovibond & 
Lovibond, 1995). Studies have shown the DASS-21 to have good construct and concurrent 
validity, and internal consistency in clinical and non-clinical populations (Antony et al., 1998; 
Henry & Crawford, 2005).   
The PCS  is  a 13-item, 5-point (0  to  4)  instrument  that  assesses  pain-related  catastrophizing 
thoughts encompassing elements of rumination, magnification and helplessness. Scores range 
from 0 to 52, with a clinical cut-off value of > 30 (Sullivan et al., 1995).  The PCS has 
acceptable concurrent validity and reliability (Osman et al., 1997). The PSEQ is a 10-item, 7-
point (0 to 6) instrument that assesses the confidence that people have in performing activities 
while in pain (Nicholas, 2007). Scores range from 0 to 60, with a clinical cut-off value < 40 
(where scores below 40 represent low pain self-efficacy) (Tonkin, 2008). The PSEQ has high 
internal reliability and validity (Gibson & Strong, 1996). 
 
4.3.3 Statistical analysis 
The frequency of previous episodes of LBP and health care use were compared between groups 
(acute LBP alone vs. comorbid persistent musculoskeletal pain) using Fisher’s exact test for 
dichotomous categorical variables, and effect size between groups calculated using the Odds 
Ratio (OR) and confidence interval (CI). Mean values for HPTs, PPTs and the final CPM scores  
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were assessed for normality using Shapiro-Wilk Tests. If data were not normally distributed, 
data were logarithmically transformed. Mean values for each measure (HPTs, PPTs and CPM) 
were then compared between groups (acute LBP alone vs. comorbid persistent musculoskeletal 
pain) using Independent T-Tests. Cohen’s effect sizes (d) were calculated using the formula: 
(Meancomorbid-MeanLBP alone)/SDLBP alone (Rhea, 2004).  
Positive cases (i.e. number of individuals scoring above the clinical cut-off value) for each 
domain of the DASS_21, PCS and PSEQ were identified and compared between groups using 
Fisher’s exact test for dichotomous categorical variables, and effect sizes calculated using ORs 
and 95% CIs. In addition, group scores (medians and interquartile ranges) of the DASS-21, 
PCS, PSEQ, RMDQ and pain NRS (average of the previous week) were compared between 
groups (acute LBP alone vs. comorbid persistent musculoskeletal pain) using Mann-Whitney 
U-tests for categorical variables. Effect sizes were calculated according to the formula: r = Z/√n 
(n = number of participants) (Field, 2009). Finally, correlations between HPTs, PPTs, CPM 
and stress scores (DASS_S) were computed, using Spearman’s Rank-order Correlation test. 
Significance was set at p < 0.05 for all analyses, which were performed using IBM SPSS 
Statistics (version 25). 
 
4.4 Results 
4.4.1 Participant characteristics 
There was no difference between groups in the frequency of previous episodes of LBP (Fisher’s 
Exact Test, p = 0.41, OR 1.8 (95% CI 0.6-5.6)). Participants with comorbid musculoskeletal 
pain used health  care  resources  and  undertook  treatments  more frequently than participants 
with  
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LBP alone (Fisher’s Exact Test, p < 0.05, OR 3.6 (95% CI 1.2-10.8)). In particular, 62% of the 
comorbid group had treatment provided by health care professionals, while 34.5% of the group 
with LBP alone had similar treatments. Average pain intensity in the previous week differed 
between the two groups, with greater pain in individuals presenting with comorbid persistent 
musculoskeletal pain (median 5 (IQR 2.5) when compared with acute LBP alone (4 (IQR 3)) 
(U = 240.5, Z = -2.8, p < 0.01, r = 0.4). Disability scores significantly differed between groups, 
with higher disability presenting in the comorbid persistent musculoskeletal pain (median 7 
(IQR 5) when compared with acute LBP alone (2 (IQR 6), U = 229, Z = -3.0, p < 0.01, r = 0.4). 
 
4.4.2 Central pain processing 
Group data (means and standard deviations) are provided for each measure in Table 4.2. 
Table 4.2 Group data (mean and standard deviation) for tests of heat pain thresholds 
(HPTs), pressure pain thresholds (PPTs) and conditioned pain modulation (CPM) 
 
 
 
 
 
 
 
 
Test                        Location 
 
Comorbid low 
back pain 
Localised low 
back pain 
    
HPT Site of worst LBP 45.3 (2.7) 44.9 (2.7) 
 
Controlateral to worst LBP 45 (2.5) 44.1 (3.2) 
 
Forearm contralateral to worst LBP 44.8 (2.1) 44.4 (2.2) 
PPT Site of worst LBP 829.2 (349.6) 791.3 (327.6) 
 
Thumbnail (ipsilateral to worst LBP) 664 (197.7)a 543.6 (205.5) 
CPM TS at site of worst LBP 62.3 (135.4) 42.8 (118.4) 
  TS at extensor carpi radialis muscle 46.8 (90.8) 50.5 (142.3) 
ap < 0.05 between groups; TS - test stimulus; LBP: low back pain 
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Peripheral and central neuronal excitability 
Heat pain thresholds at the site of worst LBP (t(53) = -0.55, p = 0.58, Cohen’s effect size d = 
0.15), contralateral to the site of worst LBP (t(54) = -1.15, p = 0.26, d = 0.27) and at the remote 
forearm site (t(54) = -0.71, p = 0.48, d = 0.19) did not differ between those with comorbid 
persistent musculoskeletal pain and those with acute LBP alone. Similarly, pressure pain 
thresholds  at  the  site of  worst  LBP did not differ between the two groups (t(55) = -0.42, p = 
0.67, d = 0.11). However, individuals with comorbid persistent musculoskeletal pain had 
greater pressure pain thresholds (indicating less sensitivity to pressure) at the remote thumbnail 
site than individuals with acute LBP alone (t(54) = -2.23, p = 0.03, d = 0.6).  
 
Descending inhibitory pain modulation 
Conditioned pain modulation scores with the test stimulus at the site of worst LBP (t(52) = -
0.56, p = 0.58, d = 0.16), and with the test stimulus at the extensor carpi radialis longus muscle 
(ipsilateral to worst LBP) (t(51) = 0.11, p = 0.9, d = 0.03), did not differ between individuals 
with, and without, comorbid persistent musculoskeletal pain.  
 
4.4.3 Psychological assessments 
Depressive, anxiety and stress symptoms 
Individuals with comorbid persistent musculoskeletal pain presented more frequently with 
symptoms of depression (55% of participants above the clinical cut-off value, OR 34.5 (95% 
CI 4.1-288.4)), anxiety  (45% of  participants, OR 11.0 (95% CI 2.2-55)) and stress (58.6% of  
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participants, OR 19.1 (95% CI 3.8-96.2)),  than  those  with  acute  LBP alone (3% of 
participants for depressive symptoms, 7% for anxiety and 7% for stress) (Fisher’s Exact test 
for all domains, p < 0.01). No correlations were identified between DASS_S scores and any 
measure of HPT, PPT or CPM (Spearman test, p > 0.05). Figure 4.1 provides group data for 
symptom severity in each domain of the DASS-21 (median scores grouped by comorbid pain 
status, irrespective of the cut-off scores). Overall,  individuals with  comorbid  persistent  
musculoskeletal  pain  scored  higher  in   all  three  domains   than individuals with acute LBP 
alone (Depression: U = 126.5, Z = -4.7, p < 0.01, r = 0.6; Anxiety: U = 216.5, Z = -3.3, p < 
0.01, r = 0.43; Stress: U = 128, Z = -4.6, p < 0.01, r = 0.6). 
 
Figure 4.1 DASS-21 (Depression, Anxiety, Stress Scale) group data for each domain in 
individuals with comorbid persistent musculoskeletal pain (dark grey bars) and individuals 
with acute LBP alone (light grey bars). The horizontal lines between the upper and lower 
quartiles represent group medians. Note that for the Depression and Anxiety domains, median 
values of the localised LBP group correspond to zero. The vertical lines indicate minimum and 
maximum values, outside the upper and lower quartiles. Range of the DASS-21 is from 0 (no 
symptoms) to 42 (high level of symptoms) for each domain. ** p < 0.01. 
Chapter 4 
 
 
113 
 
 
Pain self-efficacy and pain catastrophizing 
Individuals with comorbid persistent musculoskeletal pain presented more frequently with low 
pain self-efficacy (PSEQ) (41% of participants had PSEQ scores below the clinical cut-off 
value, OR 4.4 (95% CI 1.2-16)), than those with acute LBP alone (14% below the clinical cut-
off value) (Fisher’s Exact Test, p = 0.04).  A similar trend was observed for pain catastrophizing 
(PCS) (17% of participants with comorbid persistent musculoskeletal pain above the clinical 
cut-off value vs. 0% of subjects with acute LBP alone), although this did not reach statistical 
significance (OR 13.2 (95% CI 0.7-251.6)), Fisher’s Exact test, p = 0.05). Figure 4.2 provides 
group data (median scores grouped by comorbid pain status, irrespective of the clinical cut-off 
scores) for the PCS and PSEQ scores. Overall, individuals with comorbid persistent 
musculoskeletal pain scored worse in both questionnaires than individuals with acute LBP 
alone (PCS: U = 270.5, Z = -2.3, p = 0.02, r = 0.3; PSEQ: U = 198.5, Z = -3.5, p = 0.001, r = 
0.4).   
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Figure 4.2 Pain Catastrophizing (PCS) and Pain Self-Efficacy (PSEQ) group data in 
individuals with comorbid persistent musculoskeletal pain (dark grey bars) and individuals 
with acute LBP alone (light grey bars). The horizontal lines between the upper and lower 
quartiles represent group medians. The vertical lines indicate minimum and maximum values,  
outside the upper and lower quartiles. Range of the PCS is from 0 (no pain catastrophizing) to 
52 (high pain catastrophizing). Range of the PSEQ is from 0 (very low pain self-efficacy) to 60 
(high pain self-efficacy).  *p < 0.05, ** p < 0.01.  
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4.5 Discussion 
This study is the first to compare pain processing and psychological health in people with acute 
LBP who present with and without comorbid persistent musculoskeletal pain. Our data suggest 
that mechanisms of pain processing are similar between individuals with comorbid 
musculoskeletal pain and those with local acute LBP, with the exception of sensitivity to 
pressure, which was less pronounced in individuals with comorbid persistent musculoskeletal 
pain. In contrast, individuals who experienced acute LBP in conjunction with comorbid 
persistent musculoskeletal pain presented more frequently with symptoms of depression, stress 
and anxiety, than individuals with acute LBP alone (greater proportion of individuals above 
the clinical cut-off value), and these symptoms were more severe in individuals with comorbid 
persistent musculoskeletal pain (median scores across groups). Similarly, individuals with 
acute LBP and comorbid persistent musculoskeletal pain presented more frequently with, and 
had lower pain self-efficacy when compared to individuals with acute LBP alone. These data 
suggest that poor psychological health, but not mechanisms of pain processing, may distinguish 
individuals with comorbid musculoskeletal pain from those with single site pain when LBP is 
acute. 
 
4.5.1 Central pain processing in acute LBP with or without comorbid persistent musculoskeletal pain  
The current study provides a novel investigation of pain processing in people presenting with 
acute LBP in conjunction with comorbid persistent musculoskeletal pain. An extended body of 
literature has identified altered central pain processing in persistent musculoskeletal conditions  
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(Woolf, 2011), leading to the hypothesis that central pain processing is more likely to be  
impaired  in  individuals  with  comorbid persistent musculoskeletal pain who develop a new 
episode of LBP, than individuals with acute LBP alone. However, contrary to our hypothesis, 
participants with comorbid persistent musculoskeletal pain did not display enhanced peripheral 
or central pain processing (via increased neuronal excitability and /or greater impairment in 
descending pain modulation) compared to participants with LBP alone. These data suggest that 
for an individual with acute LBP: mechanisms of pain processing do not differ when comorbid 
musculoskeletal pain is also present. Furthermore, PPT and HPT results (means and standard 
deviations) were within normal ranges, when compared to reference values (Neziri et al., 2011). 
Thus, despite previous literature, the presence of comorbid persistent musculoskeletal pain may 
not be associated with greater impairment in central pain processing. Further studies that 
include a healthy control group are warranted to confirm these preliminary findings. 
The findings of the present study are in line with previous literature suggesting that only some 
individuals with persistent musculoskeletal pain (e.g. 23% in low back pain) develop altered 
central pain processing, and that some musculoskeletal disorders (e.g. in temporomandibular 
disorders and myofascial pain syndrome) are associated with, but not uniformly characterized 
by, increased neuronal excitability (Nijs et al., 2010; Masse-Alarie & Schneider, 2016).  
Moreover, consistent with our findings, a previous systematic review investigating central pain 
processing in persistent idiopathic, non-traumatic neck pain, reported that neither central 
sensitization (i.e. increased excitability) nor descending pain modulation are key features of 
this condition, although altered central pain processing has been widely accepted in chronic 
traumatic neck pain (i.e.  whiplash) (Malfliet et al., 2015). This discrepancy has been explained  
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by the different aetiology of these two disorders (traumatic versus non-traumatic neck pain), 
with whiplash being caused by an injury or trauma, considered a significant determinant of 
increased neuronal excitability, and non-traumatic neck pain being idiopathic and episodic in 
nature, which does not result in the development of altered central pain processing (Malfliet et 
al., 2015). Similarly, in our study, the group with comorbid persistent musculoskeletal pain 
disorders showed intact central pain processing, suggesting these disorders may potentially be 
considered idiopathic and are not characterised by altered nociceptive mechanisms. Further 
research is needed to confirm this hypothesis. Moreover, although our findings suggest that 
mechanisms of pain processing do not differ in individuals with or without comorbid 
musculoskeletal pain and acute LBP, further longitudinal studies are warranted to clarify the 
temporal relationship between the presence of comorbid pain and the development of an acute 
episode of LBP via altered mechanisms of pain processing.   
Notably, individuals with comorbid persistent musculoskeletal pain displayed higher pressure 
pain thresholds at the remote thumbnail site compared to those with acute LBP alone, 
suggesting aa enhanced tolerance to pressure, and less central pain sensitivity to mechanical 
stimuli. This reduced central pain sensitivity (i.e. reduced response) could be explained through 
an alternative mechanism of plasticity of the nervous system, termed habituation, which is 
caused by repeated noxious stimuli (Meeus & Nijs, 2007). In the current study, participants 
with comorbid persistent musculoskeletal pain may have developed a decreased response to 
repeated nociceptive inputs, leading to higher thresholds at the remote body site, compared to 
participants with only acute LBP. Although this interpretation has not been well explored in 
the field of persistent musculoskeletal pain, previous studies have identified habituation to pain 
in  healthy  participants,  at both  the  site  of stimulation and at non-stimulated sites, following  
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repeated acute painful stimulation (Rennefeld, Wiech, Schoell, Lorenz, & Bingel, 2010;  
Maeoka, Hiyamizu, Matsuo, & Morioka, 2015). Although these studies were restricted to 
exploring pain intensity in healthy volunteers and not pain mechanisms, they suggest that pain 
habituation to repeated stimulation may be a plausible mechanism to explain the increased 
central tolerance to pressure stimulation identified in our study. Further investigations are 
warranted to confirm this interpretation in individuals with acute LBP who also present with 
comorbid persistent musculoskeletal pain, with consideration given to subgrouping participants 
with comorbid idiopathic pain (e.g. idiopathic neck pain) and traumatic pain. 
 
4.5.2 Psychological health in acute LBP with or without comorbid persistent musculoskeletal 
pain  
The present study investigated, for the first time, the role of psychological health in individuals 
with acute LBP with or without comorbid musculoskeletal pain. Our data suggest that poor 
psychological health, in particular, symptoms of depression, anxiety, stress, and reduced pain 
self-efficacy may be more prevalent in individuals with comorbid persistent musculoskeletal 
pain than in individuals with acute LBP alone. These results are consistent with previous large 
cross-sectional studies reporting that people with pain in multiple body sites have poorer 
psychological health than people with LBP alone (Natvig, Bruusgaard, & Eriksen, 2001; 
Coggon et al., 2017;). However, in contrast to previous studies which did not differentiate 
between acute and persistent LBP populations, our findings, based only on individuals with 
acute LBP, suggest an association between comorbid persistent musculoskeletal pain and poor 
psychological health, which could potentially contribute to the development of a new episode 
of LBP (Hannibal & Bishop, 2014). However, since it is not possible to infer causation from 
this cross-sectional study, further longitudinal studies are required to investigate whether poor  
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psychological health, associated with persistent musculoskeletal pain, increases the risk of 
developing a new episode of LBP. 
This study is the first to investigate and identify the presence of stress symptoms in people with 
acute LBP with comorbid persistent musculoskeletal pain, using the DASS-21.  However, this 
study did not identify a relationship between altered pain processing and stress symptoms, 
suggesting a lack of interaction between these two variables. As psychological stress is defined 
as a perception of a threat (termed stressor) that taxes an individual’s  capacity to adapt and  
cope with the stressor (Cohen et al., 2007), having persistent musculoskeletal pain may have 
potentially acted as a stressor in itself (Banks & Kerns, 1996; Hannibal & Bishop, 2014), 
explaining the elevated levels of stress in this group. Thus, a prolonged or exaggerated stress 
response as a result of on-going pain, might have provoked a response to stress over time (e.g. 
a dysregulation of the hypothalamic-pituitary-adrenal axis), increasing the risk of stress-
induced inflammation, and thus developing a new episode of LBP (McEwen & Kalia, 2010; 
Hannibal & Bishop, 2014;).  
However, it is also possible that stress may be due to other psychological or personal reasons 
not investigated in this study. Pain catastrophizing was not present in the group with comorbid 
musculoskeletal pain, suggesting that other non-pain related stressors may have been present  
but not captured. Future studies to understand the nature of stress perceived by people with 
acute LBP and comorbid persistent musculoskeletal pain are required.  
Finally, our data suggest that individuals with acute LBP and comorbid persistent 
musculoskeletal  pain  have  a  different psychological profile, presenting with higher levels of 
depressive, anxiety, stress symptoms and reduced pain self-efficacy, and therefore, should be 
categorised differently from those with local LBP, as suggested by previous authors (Natvig et  
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al., 2001; Hartvigsen et al., 2013; Coggon et al., 2017). Distinguishing between these two sub-
groups may be an important step in research studies, to better assess the impact of treatments 
or risk factors associated with LBP in epidemiological studies (Coggon et al., 2017), or in 
clinical practice in order to inform tailored interventions.  
 
4.5.3 Limitations 
This study has several limitations. First, it is possible, given the large standard deviations in 
the CPM results, that the small sample size did not allow for sufficient power to detect altered 
central pain mechanisms, incurring a Type II error. However, it is worth noting that, in 
literature, altered pain processing has been attributed primarily to individuals with LBP with 
mild to moderate pain intensity (NRS ≥ 4) (Klyne, Moseley, Sterling, Barbe, & Hodges, 2018). 
In the current study, it was not possible to carry out any sensitivity analysis due to the null 
findings identified in the primary analysis. Another reason that might explain lack of 
differences in the CMP paradigm is the short washout time between PPT and CPM testing. The 
relatively short washout period may have been insufficient to allow restoration of descending 
inhibitory pathways, and increased peripheral and central neuronal excitability may have 
occurred in both groups. However, a previous systematic review on CPM reliability reported 
that washout periods ranging from 2 to 60 minutes, have fair to good reliability (Kennedy et 
al., 2016).  As  no  definitive  recommendations  exist,  further  research  is  needed to determine 
the optimal washout period between different assessments of peripheral and central pain 
processing.  
Second, we did not use a cut-off value for the PPT testing (e.g. PPT > 1000) and hence, a 
ceiling effect may have been present in participants with very high pressure pain thresholds.  
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Third, the lack of a healthy control group limits conclusions regarding group comparisons. The 
results from this study highlight differences between two groups of individuals characterised 
by acute LBP (with or without comorbid musculoskeletal pain), and does not provide 
information on whether psychological health and/or pain processing are altered compared to 
healthy individuals. Further investigation is needed to clarify this point.  
Fourth, we did not investigate the effect of pain intensity and the nature of comorbid 
musculoskeletal pain in our participants (e.g. distinguishing between traumatic or idiopathic 
pain). However, we did screen for the presence of major medical diseases and no participant 
reported a specific pain-related disorder (e.g. widespread pain syndrome). Finally, assessors of 
central pain processing were not blinded to the participants’ condition. Future studies with 
larger sample sizes should ensure blinding to confirm the current findings. 
 
4.5.4 Conclusion 
This study is the first to examine mechanisms of pain processing and psychological health in 
people with acute LBP, presenting with or without comorbid persistent musculoskeletal pain. 
Our data provide preliminary evidence that pain processing is similar in people with acute LBP 
who present with and without comorbid musculoskeletal pain. However, individuals with 
comorbid persistent musculoskeletal pain displayed a different psychological profile to those 
with acute LBP alone. Further longitudinal studies with larger sample sizes are required to 
investigate whether the association between persistent musculoskeletal pain and poor 
psychological health increases the risk of developing a new episode of LBP.  
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Chapter 5:  
Cortisol and stress in the transition from 
acute to persistent low back pain 
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5.1 Abstract 
OBJECTIVE: Persistent LBP is a common health problem that, in more than 90 % of cases, 
is not associated with structural pathology. This observation suggests that changes in the 
nervous system underpin the transition to persistent pain. Here we aimed to investigate the role 
of the hypothalamic-pituitary-adrenal (HPA) function and its final product, cortisol, in the 
development of persistent LBP following an acute episode of pain. METHODS: Thirty-two 
participants were assessed within 4 weeks of onset of an acute episode of non-specific LBP 
and again at 6 months follow-up using the cortisol awakening response (CAR) method. The 
first sample cortisol level (at awakening time), morning cortisol increase (AUCI), cortisol 
concentration (AUCG), psychological variables at baseline, and changes in AUCG over time 
were calculated and compared between those who did (N = 9), and did not recover (N = 13) 
from their LBP at 6-months. RESULTS: Individuals who did not recover from LBP had 
impaired HPA function, characterised by a reduced cortisol increase in the acute stage of LBP 
(AUCI: p = 0.029, d = 1.1), and a cortisol concentration that increased over time (Δ AUCG: p 
= 0.04, d = 0.9). Individuals who did not recover also presented more frequently with symptoms 
of stress in the acute stage of pain (54% of those not recovered vs. 0% of those who recovered; 
p = 0.01) and higher levels of depressive symptoms at baseline (median 4 (IQR 13) vs 0 (IQR 
3), p = 0.008, r = 0.56) compared with those who recovered. CONCLUSIONS: These data 
suggest that impaired HPA function in the acute stage of LBP, coupled with an altered cortisol 
secretion that evolves over time, may contribute to the development of persistent LBP.  
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5.2 Introduction 
Low back pain (LBP) is the most common musculoskeletal disorder worldwide and a leading 
cause of disability and economic burden (Murray et al., 2012; Hoy et al., 2014; Storheim &  
Zwart, 2014). In approximately 90% of individuals with persistent LBP there is no evidence of 
structural pathology, and the condition is diagnosed as “non-specific” (Koes, van Tulder, & 
Thomas, 2006). The failure to identify structural pathology in persistent LBP suggests that 
changes in the nervous system may underpin the transition from acute to persistent pain 
(McEwen & Kalia, 2010; Vachon-Presseau et al., 2013).  
Cortisol is a steroid hormone produced by activation of the hypothalamic-pituitary-adrenal 
(HPA) axis with a critical role in mediating the body’s response to stress. When stress is acute, 
activation of the HPA axis is adaptive, enhancing arousal and attention in order to increase the 
chance of survival (Tsigos & Chrousos, 2002). However, when stress becomes chronic, 
maladaptive changes in HPA function are associated with altered cortisol output, which has 
been suggested to contribute to poor health outcomes (Miller et al., 2007). For example, 
hypoactive HPA function, characterised by a reduced cortisol awakening response (CAR), has 
been observed in individuals with persistent pain, such as fibromyalgia (Riva et al., 2010; Riva, 
Mork, Westgaard, & Lundberg, 2012) and whiplash-associated disorder (Gaab et al., 2005).  
Although some authors have proposed a link between HPA dysfunction, psychological stress 
and the development and/or persistence of LBP, evidence is limited. Two previous cross-
sectional  studies  investigating HPA  function,  compared  the  CAR between individuals with 
acute  and  persistent LBP, failing to identify  differences between groups (Sudhaus et al., 2007; 
Sudhaus et al., 2009). Conversely, a longitudinal study examined morning cortisol 
concentrations in patients with LBP of less than 6 months duration over a 3-month period. They  
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identified that low cortisol at baseline predicted greater pain severity at follow-up (Garofalo et 
al., 2007), suggesting a role for altered HPA function in the severity of persistent LBP. 
However, a key limitation of this study was the inclusion of participants with a broad range of 
pain durations at baseline (pain of any duration up to 6-months). Thus, it is not currently 
possible to determine whether altered HPA function in the acute stage of LBP predicts the 
transition to persistent pain. Specifically, it is unknown whether altered HPA function and 
consequently, dysregulated cortisol secretion, contributes to the development of persistent LBP 
following an acute episode of pain. 
Here, we aimed to compare the CAR and stress-related psychological factors assessed in the 
acute stage of LBP (within 4 weeks of pain onset) between people who did, and did not, recover 
from their LBP at 6-months follow-up. In addition, we compared the cortisol trajectory 
(difference between baseline cortisol concentrations and 6-months follow-up) between those 
who did, and did not recover from their LBP. We hypothesised that individuals who did recover 
from their LBP would have a normal CAR during acute pain and a decrease of cortisol 
concentration over time, while those who did not recover from their LBP would have a lower 
CAR and reduced psychological health in the acute stage of pain, as well as a less accentuated 
decrease in cortisol concentration over time, compared with people who recovered. 
 
5.3 Methods 
5.3.1 Participants 
This study used a longitudinal design in a cohort of individuals experiencing an acute episode 
of LBP. Participants with acute LBP were recruited from local hospitals, General Practitioners, 
physiotherapy  and  chiropractor practices, on-line advertisements and social media sites, such  
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as Facebook. Participants were contacted and screened according to the Royal College of 
General Practitioners’ LBP Guidelines (Waddell et al., 1998). Eligibility criteria were: i) acute, 
non-specific LBP (lasting < 4 weeks) between the last thoracic vertebra and the gluteal fold, ii) 
LBP lasting a minimum of 24 hours that resulted in functional limitation, iii) first episode of 
LBP or previous history of LBP with at least two months without pain between episodes. 
Exclusion criteria were: i) under 18 years of age, ii) suspected nerve root involvement or spinal 
pathology (e.g. fracture or tumour), iii) other major psychiatric disorders, iv) use of 
glucocorticoid medications; v) presence of HPA axis-related endocrine disorders (e.g. Cushing 
syndrome). All participants provided written informed consent. The study was approved by the 
Institutional Human Research Ethics Committee (H10465) and performed in accordance with 
the Declaration of Helsinki.   
 
5.3.2 Experimental procedure 
Eligible participants attended two laboratory sessions - baseline (within 4 weeks of acute LBP 
onset) and 6-months follow-up.  At baseline, demographic information was collected, and the 
short-form  Depression  Anxiety  Stress  Scale  (DASS-21)  was administered. At each session, 
information regarding pain characteristics (Brief Pain Inventory), pain duration (recurrent, i.e. 
flare ups every month or every 2-3 months vs not-recurrent), disability and medications use 
were recorded and detailed instructions provided on how to collect salivary cortisol, using the 
cortisol awakening response (CAR) method (Clow, Thorn, Evans, & Hucklebridge, 2004; 
Stalder et al., 2016). Three saliva samples were collected in the morning on two consecutive 
days following each laboratory session (baseline and follow-up).  
 
Chapter 5 
 
 
127 
 
 
Brief Pain inventory and Roland Morris Disability Questionnaire 
LBP characteristics were assessed at each test session using the Brief Pain Inventory (BPI), a 
questionnaire validated in pain populations, including LBP (Keller et al., 2004; Tan et al., 
2004). The BPI assesses the visual location of LBP, using a body chart, the least, worst and 
average pain intensity during the previous week (on a 0-10 Numerical Rating Scale – NRS, 
anchored with ‘no pain’ at 0 and ‘worst pain imaginable’ at 10), and the pain NRS at the current 
time. The BPI also evaluates the extent to which pain interferes with general activity, mood, 
walking ability, work, relationships, sleep and life enjoyment (on a 0-10 NRS scale). 
Disability was assessed using the Roland Morris Disability Questionnaire (RMDQ), a valid 
and reliable tool in the LBP population (Roland and Morris 1983). The RMDQ is characterised 
by 24 items with the score summed from the number of items selected by each participant. The 
RMDQ scores are then converted to a percentage (total score/24 x 100%) where a higher 
percentage indicates greater disability. 
 
The cortisol awakening response  
The cortisol awakening response was used to investigate the increase in cortisol levels and the 
total cortisol concentration, following morning awakening. In humans, secretion of cortisol 
increases after awakening, peaking 20-45 minutes later (Chida & Steptoe, 2009), and slowly 
decreasing throughout the day (Nicolson, 2008). This morning cortisol pattern is termed the 
cortisol awakening response (CAR) and can be measured by collecting salivary samples at 
different time points in the morning, starting from the awakening time.  
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The CAR is  considered  an  indicator  of  hypothalamic–pituitary–adrenocortical axis  (HPA)  
activity, providing information on the free hormone concentration present early in the morning, 
and is interpreted as an index of unstimulated HPA activity (Wust et al., 2000). Deviations 
from the CAR are assumed to reflect maladaptive neuroendocrine mechanisms (Stalder et al., 
2016). Three aspects of the post-awakening cortisol response were investigated: i) first sample 
cortisol level (on awakening - S1); ii) CAR, referring to the index of cortisol change following 
awakening and iii) total post-awakening cortisol secretion (Stalder et al., 2016).  
Saliva was collected using SalivaBio Oral Swabs (Salimetrics, USA) (volume range 200 μL - 
2 mL) that were stored in appropriate swap storage tubes. Three saliva samples were collected 
on two consecutive days following the two laboratory sessions, at time 0 (awakening time – 
S1), and 30 (S2) and 45 (S3) minutes after awakening in the morning. Participants were 
instructed to avoid eating, drinking (except for water), smoking and brushing teeth during the 
sampling time.  A diary was given to participants to report i) consumption of any drink or food, 
ii) smoking, iii) number of hours of sleep the previous night, and if female, iv) last menstrual 
cycle. Samples were collected, and stored in a laboratory freezer at – 80 °C until assayed. Free 
cortisol concentrations in saliva were analysed using commercially available ELISA assay’s 
(Salimetrics, USA), according to the manufacturer’s instructions. Specifically, samples were 
thawed and centrifuged at 1500 x g for 15 min to collect clear saliva which was used without 
further processing for all assays.  All samples were analysed in duplicate. Samples collected 
during the same session were analysed in the same run, whereas samples collected between 
sessions were analysed in two different runs (inter-assay variability 4.9%). Cortisol 
concentrations were obtained for each sampling time for each day (S1-3 on day 1 and day 2), 
and the mean value from the two days calculated for each sampling time. Changes in morning 
cortisol levels, capturing the dynamic of the CAR (i.e. index of the increase between 0 and 45  
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min) was measured using the “area under the curve with respect to increase” (AUCI) method, 
as outlined by Pruessner et al. (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) 
and suggested by the most recent guidelines (Stalder et al., 2016). In addition, the “area under 
the curve with respect to ground” (AUCG) was computed using mean cortisol levels of the three 
sampling times, according to the formula outlined by Pruessner et al. (Pruessner et al., 2003). 
The AUCG is commonly used in endocrinology research and represents a measure of total post-
awakening cortisol secretion (Pruessner et al., 2003). Saliva samples collected outside the given 
time frame, with a maximum deviation of ± 5 min were excluded from the data set (Stalder et 
al., 2016). 
 
The Depression-Anxiety-Stress Scale (short form) 
The DASS-21 is a 21-item, 4-point (0 to 3) questionnaire used to measure psychological factors 
of depression, anxiety, and stress (Henry & Crawford, 2005). Subscale scores range from 0 to 
42 and clinical cut-off scores are > 9 for DASS_D (Depression), > 7 for DASS_A (Anxiety) 
and > 14 for DASS_S (Stress) (Lovibond & Lovibond, 1995). Studies have shown the DASS-
21 to have good validity and internal consistency in clinical and non-clinical populations 
(Antony et al., 1998; Henry & Crawford, 2005). 
 
5.3.3 Statistical analysis 
Participants were classified as recovered or not-recovered at 6-months follow-up based on their 
average  pain  intensity score (NRS) in the previous week. Participants were categorised as not  
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recovered if they reported pain on the NRS ≥ 2 in the last week (Hancock et al., 2007; Marcuzzi, 
Wrigley, Dean, Graham, & Hush, 2018). Baseline differences in pain, disability scores, age, 
gender and presence of other chronic musculoskeletal pain disorders (pain lasting longer than 
three months in areas outside the low back) were investigated between participants who did 
and did not recover at 6-months follow-up using Mann-Whitney U-tests for categorical 
variables (pain NRS, RMDQ) (Hartrick, Kovan, & Shapiro, 2003), independent T-Tests for 
continuous variables (age) and Fisher’s exact test for dichotomous categorical variables (pain 
recurrence, gender and other chronic musculoskeletal pain disorders). 
Baseline AUCI, used to calculate the CAR (i.e. index of the increase between 0 and 45 min), 
baseline AUCG used to calculate total morning cortisol secretion, and the baseline first sample 
cortisol level (S1) were assessed for normality using Shapiro-Wilk tests. Mean values of AUCI, 
AUCG and S1 were compared between groups (recovered vs. not-recovered) at baseline by 
performing Independent T-Tests for continuous variables. In addition, the difference in AUCG 
total cortisol secretion (i.e. Δ AUCG) was calculated for each participant between baseline and 
6-months follow-up. Positive Δ AUCG indicates a decrease in cortisol secretion over time, 
whilst negative values indicate an increase in cortisol secretion. Delta values were checked for 
normality and compared between groups using Independent T-Tests. Cohen’s effect size (d) 
was calculated using the formula: (Meannot-recovered-Meanrecovered)/SDrecovered (Rhea, 2004). 
Positive cases (i.e. scores above the clinical cut-off value) for each domain of the DASS-21 
were identified at baseline and compared between those who did, and did not, recover at 6-
months using Fisher’s exact test for dichotomous categorical variables, and described using 
percentages.  Further, baseline  DASS-21  group  scores  for each domain were calculated and  
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compared between the groups using Mann-Whitney tests for ordinal data. Effect sizes were 
calculated according to the formula: r = Z/√n (n = number of participants) (Field, 2009). 
Finally, where a significant difference was identified between groups for measures of cortisol, 
correlations between cortisol and pain intensity at follow-up were computed, as well as baseline 
measures of cortisol and DASS-21 scores using Spearman’s Rank-order Correlation test. 
Significance was set at a p less than 0.05 for all analyses, which were performed using IBM 
SPSS Statistics (version 25). 
 
5.4 Results 
5.4.1 Participants 
As there have been no previous longitudinal studies examining CAR in individuals with acute 
LBP on which to base a sample size calculation, a convenience sample was utilised. Fifty 
participants with acute LBP were recruited. Seven refused to collect salivary samples, due to 
effort involved, and 11 withdrew after the first test session. Therefore, data were collected from 
32 participants. Of these, data from ten participants could not be included in the analysis 
because saliva collections were delayed (six participants), due to saliva contamination (one 
participant), because salivary collection diaries were not returned (two participants), and due 
to unusually high variability between days at the baseline collection (one participant, mean 
variability and SD: 68.7 ± 19.2). Participants not included in the analysis did not differ in terms 
of demographic characteristics from those included (i.e. age, gender, pain intensity and 
disability at baseline, p > 0.05), except for employment status. Specifically, participants who 
withdrew were more often students or unemployed/retired than participants who were included  
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in the analysis (Mann-Whitney test, p < 0.05). Data from 22 participants were included in the 
analyses (N = 13 not-recovered vs. N = 9 recovered at follow-up). Participants collected three 
salivary samples for two consecutive days at both sessions, with the exception of two 
participants who collected samples only for one day at baseline, and three participants who 
collected samples for 1 day at 6 months follow-up. One participant did not collect salivary 
samples at 6-months follow-up. Finally, since two participants did not collect the third sample 
(45 minutes after awakening) at  the  right  time in one of the sessions (on both days), only the 
first two samples (taken at 0 and 30 min after awakening) were considered in the analysis (i.e. 
S1, Δ AUCG). Participant demographics of those included in the analysis, as well as of those 
excluded and withdrawn are provided in Table 5.1. 
 
Table 5.1 Participant demographics at baseline 
       
    Not-recovered at 
6-months 
Recovered at 6-
months 
Excluded from 
analysis 
Withdrawals 
Number N 
 
13 9 10 18 
Females N (%) 
 
8 (61) 2 (22) 7 (70) 5 (28) 
Mean age (SD)  
 
32 (12) 37 (14) 37.4 (18) 38 (14) 
Employment status N (%) 
     
Full-time 
 
5 (39) 3 (33) 3 (30) 12 (67) 
Part-time 
 
6 (46) 4 (45) 3 (30) 2 (11) 
Unemployed/retired 
 
0 1 (11) 2 (20) 3 (17) 
Student 
 
2 (15) 1 (11) 2 (20) 1 (5) 
Baseline Pain severity last 
seven days,  
 
4 (4) 2 (2.5) 5.5 (1.2) 5 (2.2) 
Median (IQR) 
RMDQ, Median (IQR) 
 
4 (5) 5 (5.5) 6.5 (9.5) 5 (5.7) 
RMDQ % 16.7 20.1 27.3 20.7 
SD= standard deviation; IQR = interquartile range; RMDQ= Roland Morris Disability Questionnaire 
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Participants refrained from smoking, drinking, eating food and brushing teeth during saliva 
collection.  Ovulation in female individuals was calculated as midway through the menstrual 
cycle (± 2 days). Of ten female participants, one was in menopause, two did not report their 
previous  menstrual  cycle  date,  whilst  the  remaining  participants collected saliva out of the 
ovulation period (Stalder et al., 2016). Regarding medication consumption, one participant 
used paracetamol and pantoprazole, two used acetylsalicylic acid and one used formoterol 
across the study duration. One participant used ibuprofen at baseline. The mean number of 
hours slept ranged from 7.4h (SD ± 1.2) at baseline to 6.7h (SD ± 1.1) at 6-months follow-up. 
Participants did not report feeling tired following awakening at any time-point. Gender and 
presence of other chronic musculoskeletal pain disorders (Fisher’s Exact Test, p > 0.05) and 
age (t(20) = -0.09, p > 0.05, d = 0.36) did not differ between individuals who did and did not 
recover at 6-months. Pain recurrence (Fisher’s Exact Test, p > 0.05), baseline NRS pain 
intensity in the previous week and RMDQ scores did not differ between individuals who did 
and did not recover at 6-months (NRS: U = 38, Z = -1.4, p > 0.05, r = 0.29; RMDQ: U = 28, Z 
= -0.23, p > 0.05, r = 0.05).  
 
5.4.2 Cortisol awakening response  
There was a low level of variability in cortisol levels for sampling collections. The coefficients 
of variation for the sampling collections between the two consecutive days, were 23.6% at 
baseline and 25.5% at 6 months follow-up. Baseline data for S1, AUCG and AUCI were 
normally distributed (Shapiro-Wilk Test, p > 0.05). 
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Baseline AUCI is less in individuals who do not recover from their acute LBP at 6-months 
Individuals who had not recovered from their episode of acute LBP at 6 months follow-up had 
a significantly  lower AUCI  (index of  the  morning  cortisol increase following awakening) at 
baseline compared to those who recovered (t(18) = -2.37, p = 0.029, d = 1.1) (Figure 5.1). In 
addition,  lower  AUCI  at  baseline  was  correlated  with  higher  pain  intensity  at  follow-up 
(Spearman test, ρ = - 0.5, p = 0.02). In contrast, there was no difference in baseline cortisol 
level (S1) (t(20) = 0.16, p > 0.05, d = 0.07) or baseline total cortisol concentration (AUCG) 
(t(18) = -1.5, p > 0.05, d = 0.54) between those who did (S1 mean ± SD: 0.35 ± 0.13; AUCG 
mean ± SD: 20 ±7.6) and did not recover at 6-months (S1 mean ± SD: 0.36 ± 0.15; AUCG  mean 
± SD: 15.4 ± 6.1). 
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Figure 5.1 Baseline AUCI representing the CAR (i.e. index of the morning cortisol increase 
following awakening between 0 and 45 minutes, mean and standard deviation) for individuals 
who did (grey bar, N = 9) and did not (black bar, N = 11) recover at 6-months follow-up 
(missing data, N = 2). Individuals who recovered at follow-up displayed a positive baseline 
AUCI, suggesting a normal cortisol increase following awakening. Conversely, individuals 
who did not recover displayed a negative baseline AUCI, suggesting an impaired cortisol 
pattern following awakening. *P < 0.05. Negative AUCI are regarded as an index of decrease 
rather than a true area (Pruessner et al., 2003).  
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Cortisol concentration increases over time in individuals who do not recover from their acute 
LBP  
Data for the change in AUCG cortisol concentration (Δ AUCG) between baseline and follow-
up were normally distributed (Shapiro-Wilk Test, p > 0.05). Participants who did not recover 
at 6-months displayed an inverted negative Δ AUCG (increased cortisol concentration over 
time) between baseline and six months, whereas those whose pain resolved displayed a positive 
Δ AUCG (reduced cortisol concentration over time; (t(19) = -2.1, p = 0.04, d = 0.9)) (Figure 
5.2). 
 
Figure 5.2 Δ AUCG cortisol concentration between baseline and 6-months in participants who 
did (grey bar, N = 8) and did not recover (black bar, N = 13) from their LBP at 6-months 
(missing data N = 1). Individuals who recovered displayed a positive Δ AUCG over time (i.e. 
baseline  cortisol  levels were higher than at follow-up). Conversely, individuals who did not 
recover displayed a negative Δ AUCG over time (i.e. baseline cortisol levels lower than at 
follow-up). *P < 0.05. 
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5.4.3 Psychological factors  
Participants who did not recover from their acute LBP presented more frequently with 
symptoms of stress at baseline. Specifically, 54% of those who did not recover showed 
symptoms of stress (number of positive cases above the clinical cut-off value) in the acute stage 
of LBP compared to 0% in the recovered group (Fisher Exact Test, p = 0.01). The number of 
participants with symptoms of depression (31% of individuals who did not recover vs. 0% of 
those who did recover, p = 0.1) and anxiety (31% vs. 11%, p = 0.36) did not statistically differ 
between groups. However, those who did not recover had higher levels of depressive symptoms  
at baseline (median 4 (IQR 13) vs 0 (IQR 3), U = 20, Z = -2.65, p = 0.008, effect size r = 0.56) 
and a trend towards higher levels of stress than those whose pain recovered (median 14 (IQR 
13) vs 6 (IQR 6), U = 29.5, Z = -1.95, p = 0.051, r = 0.42). There was no relationship between 
baseline DASS-21 scores and any measure of cortisol (Spearman test, p > 0.05).  
 
5.5 Discussion 
This longitudinal study is the first to investigate differences in the cortisol awakening response 
and total morning cortisol concentrations between individuals who experience recovery of their 
acute LBP and those who experience persistent, on-going pain at 6-months. Our data suggest 
that individuals who do not recover from LBP have impaired HPA function, characterised by 
a reduced cortisol  awakening  response in the acute stage of LBP, and a cortisol concentration 
that increases over time (i.e. from baseline to 6-months). Conversely, in those whose LBP 
recovered, the cortisol awakening response followed a normal profile in the acute stage of LBP 
and total cortisol concentration decreased over time. Consistent with these findings, individuals 
who did not recover from their acute LBP presented  more frequently with symptoms of stress  
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and higher levels of depression at baseline than those who recovered. These data suggest that 
impaired HPA function in the acute stage of LBP, coupled with a maladaptive cortisol response 
that evolves over time, may contribute to the development of persistent LBP. 
This study provides novel longitudinal insight into the function of the HPA axis, and its final 
product cortisol, in individuals experiencing an acute episode of LBP. Under normal 
conditions, morning cortisol levels rise, peaking between 30 and 45 minutes after awakening, 
a phenomenon that represents the normal circadian regulation of cortisol secretion (Stalder et 
al., 2016). In our data, individuals with acute LBP, who went on to recover from their pain, 
displayed a typical increase in cortisol after awakening. However, individuals with acute LBP 
who went on to develop persistent pain, did not exhibit an increase in cortisol following 
awakening. As there have been no previous longitudinal studies comparing cortisol between 
those who do and do not recover from acute LBP, these findings are unique. Indeed, only one 
longitudinal study, based on salivary collection at awakening and 20 minutes later, and 
including participants with a range of pain durations (up to  six months), has examined morning 
cortisol concentration (i.e. AUCG) and morning cortisol pattern (i.e. AUCI representing the 
CAR) in individuals with LBP (Garofalo et al., 2007). However, different to our findings that 
identified a reduced cortisol pattern after awakening (CAR) in those who failed to recover from 
their pain at follow-up, that study did not report differences in CAR data. Conversely, the study 
identified  that  low  morning  cortisol concentrations at ‘baseline’ were associated with higher                     
pain severity 6-months later (Garofalo et al., 2007). In our study, no differences were identified 
in total morning cortisol concentrations at baseline between those who did and did not recover 
from LBP.  
These discrepant results may be explained by the different salivary sampling time, and potential 
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inclusion of participants with subacute and persistent LBP. Since we used more stringent 
inclusion criteria including participants with only acute LBP at baseline, and because our 
salivary sampling was conducted between awakening and 45 minutes after (which more likely 
includes cortisol peak between 20-45 after awakening),  our results suggest that CAR, but not 
total morning cortisol concentration, in the acute stage of pain may differ based on recovery. 
The cortisol awakening response (CAR), used in this study as an indicator of HPA activation 
(Chida & Steptoe, 2009), has been widely investigated in persistent pain populations, with a 
reduced CAR observed in chronic whiplash-associated disorders and fibromyalgia, and a 
blunted diurnal cortisol pattern observed in chronic multi-site musculoskeletal pain (Gaab et 
al., 2005; Riva et al., 2010; Generaal et al., 2014). In addition, pain-free individuals who 
exhibited a reduced diurnal cortisol rhythm have been identified to be at greater risk of 
developing chronic widespread pain (McBeth et al., 2007). Thus, findings in other 
musculoskeletal disorders suggest that reduced HPA activation in pain-free individuals or in 
the acute stage of pain may contribute to the development of persistent pain. Our study confirms 
these findings and extends our knowledge regarding the contribution of the HPA axis to 
persistent pain through examination of a LBP population. Specifically, we demonstrated that a 
reduced CAR, indicating a hypoactive HPA function, is associated with non-recovery in 
individuals with LBP. A reduced HPA activation in the acute stage of pain may be  interpreted  
as a consequence of prolonged stress, and therefore, as a failure of the system to adapt to the 
presence of a new acute event (i.e. acute pain), resulting in insufficient secretion of cortisol and 
subsequently, an inability to counteract inflammation (i.e. cytokines), perpetuating pain 
(Melzack, 1999). However, this is speculative given the DASS-21 questionnaire does not 
provide information on the duration of psychological symptoms, including stress. 
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An additional finding of our study was that individual trajectories in cortisol concentration over 
time, calculated  as Δ  AUCG,  differed  between  those  who did and did not recover from their 
LBP. Specifically, individuals who recovered displayed a positive delta, meaning that morning 
cortisol concentrations were higher at baseline than at 6-months follow-up. In contrast, 
individuals who did not recover had a negative delta, indicating morning cortisol 
concentrations that were lower at baseline than at 6-months follow-up. The presence of acute 
pain is known to act in itself, as a stressor, stimulating the HPA axis and increasing cortisol 
secretion (Melzack, 1999). Thus, elevated cortisol in the acute stage of pain could be 
considered an adaptive response that plays an important role in modulating the secretion of 
pro-inflammatory cytokines and protecting the organism from excessive inflammation 
(Chrousos, 2009). This response would be expected to diminish, and cortisol levels to reduce, 
in parallel with the recovery of pain. Indeed, in those whose pain recovered, cortisol levels 
reduced over time, indicating a normal response to an acute stressor (i.e. acute pain). 
Conversely, in individuals who did not recover, cortisol levels increase over time could be 
interpreted to reflect an amplification of the normal cortisol secretion in the transition to 
persistent pain, possibly due to the presence of sustained pain. Thus, ongoing pain may have 
acted as a repeated stressor that prevented the normal reduction of cortisol concentrations and 
could have contributed to the transition to persistent pain. Previous experimental studies based 
on animal models  and  using  recovery from wound as a paradigm analogous to recovery from 
a musculoskeletal injury, have identified a positive association between high corticosterone 
levels and delayed wound healing in animals (i.e. mice and lizards) subjected to restraint stress, 
suggesting that a dysregulation of the neuroendocrine system modulates wound healing 
(Padgett, Marucha, & Sheridan, 1998; French, Matt, & Moore, 2006). Thus, it is possible that 
the increased cortisol concentration developed between the acute and persistent stages of LBP  
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in the present study may have compromised the healing process and contributed to the lack of 
recovery (Finestone, Alfeeli, & Fisher, 2008).  
Although the current study failed to identify a linear correlation between CAR dysregulation 
and DASS-21 scores, individuals who did not recover at follow-up reported more frequently  
symptoms of stress and higher levels of depressive symptoms that those who recovered. 
Symptoms of psychological stress and depression are mood states known to alter HPA function 
and cortisol secretion (Mello, Mello, Carpenter, & Price, 2003). A previous study using an 
animal model identified cortisol as a biological mediator of the relationship between stress 
(caused by social isolation) and delayed wound healing (Detillion, Craft, Glasper, Prendergast, 
& DeVries, 2004). Similarly, studies in humans have shown that wound healing is delayed in 
people scoring in the upper 50% of the Hospital Anxiety and Depression Scale and in people 
with high levels of perceived stress (Ebrecht et al., 2004). Thus, it is possible that symptoms 
of stress and depression in conjunction with a hypoactive HPA axis in the acute stage of pain 
and a subsequent failure in turning off the stress response could be mechanisms that contribute 
to pain persistence. Further research is required to investigate the nature of perceived stress 
(acute vs chronic) during the acute stages of LBP, in order to elucidate the relationships 
between psychological stress, cortisol dysregulation and the development of persistent LBP.  
This preliminary study has some strengths and limitations. Internal validity was maintained, as 
many factors influencing the HPA axis were taken into account during data collection and 
analysis. In particular, investigators made sure that participants clearly understood how to 
collect saliva and how to report any deviation from the protocol on their diary log. Second, to 
account for the high inter-individual variability in the CAR across individuals (Almeida, 
Piazza, & Stawski, 2009),  our  study  used  both a within-subject  approach  focussing  on  an  
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individual’s cortisol trajectory and a between-subject approach (DeLongis, Folkman, & 
Lazarus, 1988). Limitations of this study are primarily related to the small sample size, which 
could have inflated Type I error and overestimated the effect size (Button et al., 2013). 
Although fifty participants were initially recruited, more than half were lost during the study, 
largely as a result of the comprehensive testing protocol needed to accurately and reliably 
assess cortisol. Further, only five participants used medications to relieve their pain, which 
represents an unusual finding compared to previous studies on primary care patients with LBP 
(Chou & Huffman, 2007). However, this observation may reflect the adaptation of the most 
recent guidelines on the treatment of acute LBP (i.e. avoid pharmacological treatment as first 
line option) (Foster et al., 2018) or may be due to participants’ low pain scores at baseline, and, 
consequently, to their lack of need to consume pain medications. Further studies with a larger 
sample size are needed to clarify the current findings. Moreover, more research is needed to 
develop cortisol testing methods (e.g. combining self-report diaries with objective monitoring) 
that improve participant compliance in order to confirm the present findings. 
 
5.5.1 Conclusion 
These data demonstrate that HPA function is impaired in the acute stage of LBP in those who 
develop persistent pain. This effect is characterised by a reduced cortisol awakening response 
in the acute stage of pain and a cortisol concentration that increases during the transition from 
acute to persistent pain. These mechanisms may potentially reflect a maladaptive response to 
chronic stress that contributes to the development of persistent pain. Further longitudinal 
studies with larger sample sizes are required to confirm the causal relationship between HPA 
dysregulation, psychological stress and the development of persistent LBP.
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Chapter 6: General discussion 
 
The overarching aim of this thesis was to explore stress, both the subjective experience and 
the neurophysiological consequences, in the different clinical stages of low back pain. In this 
chapter, the findings from the four studies will be integrated to provide insight into the role 
of stress in acute and persistent low back pain. Limitations, clinical implications and future 
directions for research will be discussed. 
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6.1 Contribution of the thesis to the body of evidence  
This thesis provides novel and original findings on the subjective experience of stress, the 
impact of stress on pain processing and the neuroendocrine mechanisms of stress in the 
different stages of LBP. Despite the high global prevalence of LBP (Balagué et al., 2012), and 
its huge economic impact worldwide, pathophysiological mechanisms associated with the 
development of LBP are poorly understood. Additionally, although psychosocial factors, such 
as depression and anxiety, are widely accepted as key risk factors for LBP persistence (Ramond 
et al., 2011), psychological stress, which is known to play to important role in the origin of 
depression and anxiety (Tafet & Nemeroff, 2015), has received limited attention in LBP 
populations. A thorough understanding of the role of stress in LBP may provide the foundation 
for new mechanistic insights in LBP and potentially reveal new targets for future interventions 
in order to prevent the development of persistent LBP. 
Although a number of systematic reviews have identified a positive association between stress 
and the development of MDs, including LBP (Hoogendoorn et al., 2000; Linton, 2001; Mallen 
et al., 2007; Lang et al., 2012), these studies remain confined to the workplace environment 
and do not provide a global understanding of day-to-day stress and life stressors in MDs. Thus, 
it is unknown whether non-work related stress, such as financial stress, family stress or social 
stress, increases the risk of developing a MD. Assessing and critically appraising the strength 
of the evidence for the aetiological role of non-work related stress in the development of 
persistent MDs, is an important step forward in our understanding of stress and MDs. This 
contributes to the current knowledge base through the identification of the quantity and quality 
of the available evidence and through the identification of gaps in the literature.  
Further, considering stress is a multidimensional and complex construct to investigate, and that  
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the psychological appraisal of stress can elicit neurophysiological changes (Mello et al., 2003) 
that interfere with pain pathways (McEwen & Kalia, 2010), it is crucial that the subjective 
experience of stress is explored alongside the examination of the neurophysiological response. 
The benefits of this approach are three-fold. First, exploration of the subjective experience of 
stress can identify the relevance of, and attitudes towards day-to-day stress in people’s lives, 
facilitating a greater understanding of the complex interaction between individual stressors 
(pain and non pain-related), stress-related beliefs, life coping skills and an individual’s sense 
of control over life. Second, investigating the relationship between pain processing and stress-
related symptoms may provide a new understanding of potential mechanisms underpinning the 
development of LBP, particularly in situations where LBP is associated with other comorbid 
pain disorders, which are known to reduce the chance of LBP recovery (Thomas et al., 1999; 
Nordstoga et al., 2017). Third, the longitudinal investigation of HPA function and its final 
product, cortisol, in the different stages of LBP, may provide further insight into the existence 
of maladaptive endocrine responses to stress in individuals who develop persistent LBP.  
Thus, the investigation of stress from different perspectives, both subjective and 
neurophysiological, is crucial to deepen our knowledge and understanding of the role of stress 
in the development of a new episode or the persistence of LBP. This thesis first assessed the 
available evidence for the aetiological role of stress in the development of persistent MDs, 
including LBP, and then investigated the subjective experience of stress and its 
neurophysiological mechanisms at different stages of LBP using a variety of research designs.  
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The findings of each study are summarized below: 
Study 1. Provided the first systematic assessment of the evidence for the aetiological role of 
non-work  related  psychological  stress  in  the development  of persistent  MDs.  A narrative 
synthesis of seven prospective longitudinal studies revealed a very low level of evidence to 
support the aetiology of non-work related stress in the development of arthritis and persistent 
spinal pain. This very low level of evidence was explained by a limited number of available 
studies and the heterogeneity in the measures used to assess stress across studies.  
 
Study 2. Provided an exploration of shared viewpoints on the nature of day-to-day stress 
amongst people with persistent LBP. This study demonstrated that stress is a common and 
multifaceted experience, and that stressors can be both pain and non-pain related, varying 
across individuals. 
 
Study 3. Provided evidence that psychological factors, including stress, but not pain processing 
(peripheral and central), are altered in people with acute LBP who also present with comorbid 
persistent MDs in regions outside the back. The findings of this study suggest that 
psychological factors, including high levels of stress, but not pain processing, may distinguish 
participants with comorbid musculoskeletal pain from those with single site pain when LBP is 
acute. 
 
Study 4. Provided  preliminary   evidence  that  HPA function is impaired in the acute stage of  
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LBP in those who do not recover from their LBP after six months. This was characterized by 
a  reduced  cortisol  response  to  awakening  during  acute  pain,  and  an  increase  in  cortisol 
concentration over time during the transition from acute to persistent LBP. Those who did not 
recover from their LBP also displayed higher symptoms of stress in the acute stage of LBP. 
Overall, the findings of this study provide evidence for maladaptive neuroendocrine 
mechanisms during the early stages of LBP and in the transition to persistent LBP in those who 
do not recover. 
 
Findings from these four original studies each add a novel contribution to the body of evidence 
in this field as detailed in Chapters 2-5. To facilitate interpretation of these data as a whole, the 
following sections summarize and integrate the findings from these studies in order to provide 
an overview on the subjective and neurophysiological impact of stress in LBP. 
 
6.2 The contribution of stress to persistent LBP 
 
Although psychosocial factors, including work-related stress, are considered important risk 
factors for the development and maintenance of MDs, the aetiological role of non-work related 
stress in the development of persistent MDs has not been systematically evaluated. Study 1 
(Chapter 2), a systematic review, aimed to evaluate the strength of the evidence for the 
influence of non-work related stress on the development of persistent MDs. A limited number 
of studies were identified (i.e. seven longitudinal cohort studies), and following a narrative 
analysis, the strength of the evidence was graded as low to very low. In particular, there was a 
very low level of evidence to support the aetiological role of non-work related psychological 
stress  in  the  development  of  arthritis  (two studies identified) and spinal pain (neck pain and  
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low back pain – three  studies  identified). Non-work related stress was measured using a self-
perceived stress scale (PSS) in arthritis and neck pain, whereas early childhood events were 
used to measure stress in studies on low back pain and arthritis. Financial stress was measured 
in one study investigating neck pain. No studies provided evidence to support the role of non-
work related stress in the development of persistent multisite musculoskeletal pain or orofacial 
pain.  
According to the GRADE approach, which assesses the overall quality of evidence (i.e.  
considering study design, risk of bias, consistency of results and directness), all studies were 
automatically downgraded to low quality, due to their observational nature (Guyatt et al., 
2011). As limitations were identified in the statistical analysis and assessment tools across 
studies in spinal pain, these studies were globally rated as very low level evidence. 
Additionally, despite the positive associations between stress and arthritis and spinal pain, it 
was not possible to increase the grade in these studies, as associations were not strong (i.e. 
Relative Risk > 2.0) (Atkins et al., 2004). 
The systematic review discusses how the evidence identified was primarily limited by the small 
amount of literature available and the heterogeneity of the measurement tools used to assess 
stress across studies. Importantly, only one study on LBP was identified, which reported a 
positive association between the aetiological role of early childhood events and the 
development of persistent LBP pain in adulthood. Thus, findings from Study 1 highlighted key 
gaps in the literature, in particular, the absence of prospective longitudinal studies investigating 
the impact of:  i) adverse life events and ii) self-perceived, day-to-day stress on the development 
of persistent LBP in adulthood. These gaps in literature, in conjunction with the lack of existing 
qualitative  studies  on the  role  of stress in LBP, led the present thesis to take a step back, and  
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explore the subjective experience of day-to-day stress in individuals with persistent LBP. This 
was achieved using a mixed-methods approach for data collection and data analysis in the 
second  study (i.e. a quantitative approach was taken during  data  collection and data analysis 
followed by a qualitative approach used in data interpretation) (Newman & Ramlo, 2010). 
Study 2 (Chapter 3), used the Q-methodology to provide evidence of the multifaceted 
experience of stress in people with persistent LBP. Primary stressors varied between 
individuals and were not always pain-related. In addition, validated questionnaires used to 
clarify and enrich participants’ viewpoints, indicated that self-perceived stress was present 
across most individuals in all four identified themes. Interestingly, despite the common 
perception of stress, one group of participants (Theme 1, N = 10) reported a sense of control 
over their life and pain experience, indicating for example, the ability to relax, to have sufficient 
resources to overcome their problems, not to feel trapped by their own responsibilities and to 
know how to manage their LBP. In the remaining groups, stress derived from living with 
chronic LBP (Theme 2, N = 8), from non-pain related environmental stressors and the difficulty 
to cope with them (Theme 3, N = 14), and from negative cognition and poor self-image (Theme 
4, N = 3).  Hence, data from Study 2 suggests that stress is a complex multidimensional process 
and that the subjective experience greatly varies across individuals. These findings have direct 
implications in clinical practice and research, particularly related to the assessment of stress. 
In fact, findings from Study 2 demonstrate that assessing only one dimension (e.g. the number 
of previous adverse life events) may be not sufficient to capture this complex experience. The 
multidimensional nature of stress and the importance of measuring different aspects of stress 
have been discussed by previous authors. In particular, Lazarus postulated that stress results 
from the relationship between the person and the environment (Lazarus, 1984). Once a person 
has  appraised  an  event  as  stressful,  coping  processes  are  utilized  to  manage  the difficult  
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situation and these processes influence the subsequent intensity of the stress reaction (Lazarus 
1990). Thus, stress arises from the interplay between the environment, the individual processes 
of appraisal and the ability to cope with the stressors. Consequently, according to Lazarus 
(1990), a series of measures of stress need to be developed and different dimensions of stress 
considered in order to capture individual responses to stress. This argument is supported by 
both Study 1 that demonstrates the absence of a uniform, comprehensive measure to assess 
non-work related stress in persistent MDs, and by Study 2, which demonstrates the complexity 
of the stress experience and how stress measured using a single scale is unlikely to be sufficient 
to inform research studies or clinical practice. For instance, the overall scores of self-perceived 
stress in Study 2 evaluated using the PSS did not always reflect poor coping strategies (in 
Factor 1), and masked a positive and proactive attitude toward the perception of stress. Thus, 
considering the already existing job stress models in literature (i.e. Effort-Reward Imbalance 
(ERI), Job-Demand-Control (JDC) and Organizational Justice (OJ)) (Herr et al., 2015), 
extensively used for studying MDs, a key recommendation from this thesis for future research 
is the development of similar comprehensive, multidimensional assessment tools for non-work 
related stress or that combine work and non-work related stress. 
A second important finding from Study 2 is that those participants who lacked the resources 
and locus of control in life (Factor 4) to counteract their stress levels, also had difficulties 
managing their pain, suggesting low pain self-efficacy. Conversely, those participants whose 
locus of control was internal, reported an ability to manage their pain, suggesting that 
participants in this group had robust coping strategies (Factor 1). Taken together, these findings 
suggest that poor pain coping skills may reflect general low self-efficacy and deficits in 
instrumental skills in life that can aggravate the reaction to stressors and to pain appraisal. This 
theory  has  not  been  investigated in LBP, although previous theories (e.g. the diathesis-stress  
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model  or  the  helplessness  model)  have postulated that pre-existing individual characteristics 
and vulnerability to stressors (i.e. lack of personal locus of control) may become more evident 
when  individuals are attempting to cope with pain-related stress (Banks & Kerns, 1996). The 
relationship between life coping skills, locus of control and pain-self efficacy has not been 
explored in LBP and requires further investigation.  
 
6.3 The contribution of stress mechanisms in the transition from acute to persistent low 
back pain  
The subjective exploration of day-to-day stress in Study 2 provided a novel understanding of 
the experience of this complex emotional state in individuals with persistent LBP. Findings 
from Study 2 suggest that for many individuals stress does not derive from having persistent 
LBP, but is rather caused by environmental or internal stressors (e.g. low finances, family 
worries, low self-image, negative cognition) (Themes 4-7). However, although data from Study 
2 provide evidence that stress is present in individuals with persistent LBP, the 
neurophysiological mechanisms that underpin stress in LBP remain not well investigated. 
Previous studies have shown that pain during an acute injury acts as a stressor in itself, 
activating the acute stress response via the hypothalamic-pituitary-adrenal axis which regulates 
inflammation and triggers the descending inhibitory pain system, inducing a reduction in pain 
(i.e. hypoalgesia) (Terman et al., 1984). Conversely, when a new injury occurs during a period 
of chronic psychological stress (due to pain or other non pain-related factors), the response is 
reversed, resulting in an increase in pain perception (i.e. hyperalgesia) (Imbe et al., 2006; 
McEwen & Kalia, 2010). 
Pain mechanisms, such  as central pain processing and descending inhibitory pain modulation,  
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and their relationship with stress-related  symptoms, have not been investigated in acute LBP, 
although a recent longitudinal study has examined changes in pain thresholds (thermal and 
pressure), conditioned pain modulation and psychological variables (using DASS-21 scale) in 
individuals ranging from the acute stage of LBP to up to 4 months from pain onset (Marcuzzi, 
Wrigley, Dean, Graham, & Hush, 2018). However, as no interactions between pain processing, 
pain inhibitory modulation and stress-related factors were investigated in this longitudinal 
study, Study 3 (Chapter 4) aimed to examine these mechanisms in a cohort of individuals with 
acute LBP using a cross-sectional design.  
In order to explore the effect of an acute stressor (i.e. acute pain) on a background of persistent 
physical stress (caused by having comorbid pain disorders), Study 3 compared pain processing, 
including descending inhibitory pain modulation, and psychological health between 
individuals with acute LBP who also presented with comorbid persistent MDs outside the back 
and those who presented with acute, localized LBP only. In contrast to the study hypothesis, 
results from Study 3 revealed similar pain processing between the two groups, but poorer 
psychological health, including higher stress symptoms, in people with comorbid persistent 
MDs, compared with people who experienced acute LBP alone. Furthermore, pressure pain 
thresholds at a remote body site were higher in individuals with comorbid pain (p < 0.05) when 
compared to those with acute LBP alone, suggesting a lowered, rather than an enhanced, 
sensitivity to pain in this group. As acute stress acts as a natural stimulus triggering pain 
inhibition (Terman et al., 1984), this finding could be explained by the analgesic effect of high 
stress levels in the comorbid pain group. However, no significant correlations were identified 
between pain processing mechanisms (pressure and heat pain threshold and conditioned pain 
modulation) and stress symptoms, suggesting a lack of inference between high levels of stress 
and  altered  pain  sensitivity. Thus,  findings  from  Study 3 suggest that for an individual with  
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acute LBP, the presence of comorbid persistent musculoskeletal pain is associated with poorer 
psychological health, including high stress levels, but no greater impairment in central pain 
processing.  
Findings from Study 3 provided novel and original data on the existence of poor psychological 
health, in particular, stress-related symptoms, in individuals with acute LBP who also suffer 
from comorbid MDs. Thus, data from Study 3, in conjunction with findings from Study 2, 
highlight that psychological stress is a common component of persistent MDs. These findings 
are in line with previous studies, which have identified high levels of stress in other persistent 
pain disorders, such as fibromyalgia, migraine and chronic fatigue syndrome (Holm, Lokken, 
& Myers, 1997; Van Houdenhove et al., 2002; Gupta & Silman, 2004).  
Nevertheless, as  findings  from  Study  2  and 3  were  limited to cross-sectional designs using 
subjective assessments of stress, further investigation was conducted to examine the 
neuroendocrine consequences  of  stress  and  the relationship to the development of persistent 
LBP. 
Study 4 (Chapter 5) investigated neurophysiological differences in HPA function and cortisol 
levels between individuals who did and did not recover from an acute episode of LBP, using a 
longitudinal design. Data from Study 4 revealed that individuals who recovered at 6-months 
follow-up displayed a normal morning cortisol increase (CAR) during acute LBP and a cortisol 
concentration that reduced over time (i.e. higher levels of cortisol in the acute stage of LBP 
than at 6-months follow-up). These results are consistent with the study hypotheses, as it is 
known that stressors, including acute pain resulting from a musculoskeletal injury, can activate 
the HPA axis, which, in turn, increases the release of cortisol (Chapman et al., 2008). However, 
as  pain  resolves,  levels of cortisol would be expected to drop, as was observed in individuals  
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who recovered. In contrast, those whose pain failed to recover had a reduced CAR in the acute 
stage of LBP and a cortisol concentration that increased over time (i.e. cortisol levels that were 
higher  at  6-months  follow-up  than  in  the  acute  stage  of  LBP).  This finding suggests a 
hypoactive HPA axis in the acute stage of LBP and a lack of decrease of cortisol secretion in 
the transition to persistent pain. It is plausible that this maladaptive neurophysiological 
response to stress could have contributed to the maintenance of pain at 6-months follow-up. 
Taken together, findings from Study 4 are consistent with a previous longitudinal study in LBP, 
which identified that cortisol dysregulation (low morning cortisol levels) at baseline predicted 
greater pain severity after three months (Garofalo et al., 2007). However, in contrast to that 
study, which  included  participants  with any  pain  duration  within  six  months  (i.e. sub-
acute and persistent pain) at baseline, Study 4 used more stringent inclusion criteria, including 
participants with acute pain lasting no longer than four weeks from LBP onset.   
In Study 4, a linear correlation between CAR dysregulation and DASS-21 scores was not 
identified. One potential reason for this may be that the scale used to assess stress was not able 
to capture the multifaceted experience of stress in people with persistent LBP. For example, 
the DASS-21 does not assess the individual ability to cope with stress, and how stressors are 
subjectively interpreted (i.e. distress vs eustress). Hence, in this study, participants’ stress 
symptoms might have been counteracted by positive coping strategies and/or positive 
perception of stress that would have helped to balance their physiological stress response, 
therefore, altering the correlation between CAR and DASS-21 values. 
Nevertheless, although linear correlations between HPA axis dysregulation, stress and 
depression were not identified, symptoms of stress were more frequently reported along with 
higher  levels  of  depressive  symptoms  in  the  acute  stage of pain in individuals who did not  
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recover from their LBP,. Taken together, these findings suggest that individuals who do not 
recover  from  an  acute episode of LBP had a hypoactive HPA axis during the acute stages of 
pain, reported more frequently symptoms of stress and higher levels of depressive symptoms  
at baseline, and developed a maladaptive stress response over time. A strong relationship 
between chronic psychological stress and low morning cortisol concentrations (d = -0.17, SE 
= 0.04, p < 0 .01) has been previously identified in a meta-analysis on pain-free individuals 
(Miller et al., 2007). Thus, it is possible that symptoms of depression and stress identified in 
the acute stage of LBP, may reflect an altered HPA function that could have contributed to the 
persistence of LBP. However, it should be noted that participants in the recovered group had 
lower pain intensity at baseline than those in the not-recovered group (although differences 
between groups were not significant), suggesting that some individuals may have already 
recovered at study entry. Low pain intensity in some participants may have influenced their 
stress levels at baseline, resulting in a floor effect for those with low pain levels associated with 
low stress. Furthermore, individuals who did not recover at follow-up did not differ in the 
presence of comorbid MDs outside the low back to those who recovered, suggesting that altered 
HPA function may have an influence on LBP recovery regardless of the presence of other 
comorbid persistent pain conditions.  
 
6.4 Clinical implications 
This thesis provides a comprehensive investigation of the psychological and 
neurophysiological role of stress in LBP that can assist our understanding of this common and 
disabling  condition  and inform  the development of future treatments.  Specifically, this thesis  
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contributes  to  clinical  practice in three ways: i) the need for assessing psychological stress in 
patients  with  both  acute  and  persistent  LBP; ii) the  need  for a comprehensive and in-depth 
evaluation of stress, that accounts for factors including stress appraisal, coping skills and locus 
of control; iii) need for introducing stress-management programs in patients who present with 
high levels of stress, possibly in the acute stages of LBP.   
The first clinical implication is that there is an impellent need for specifically assessing 
psychological stress in individuals with either acute or persistent LBP. Although international 
guidelines for the treatment of LBP recommend the assessment of psychological factors, the 
comprehensive assessment of stress is often not mentioned (Practitioners, 1999; Van Tulder et 
al., 2006; Chou et al., 2007; Koes et al., 2010). For example, in acute LBP, the American 
College of Physicians and American Pain Society recommend the assessment of depressive 
symptoms, passive coping strategies, job dissatisfaction and somatization (Chou et al., 2007), 
whereas the European guidelines recommend the assessment of ‘psychosocial factors’ broadly 
with follow-up review if acute pain does not resolve. Details on specific factors to be measured 
are not provided (Van Tulder et al., 2006). Furthermore, New Zealand guidelines for acute LBP 
management and other European guidelines take into consideration the biopsychosocial model 
of the experience of pain and the interaction between different psychosocial factors (e.g. social 
environment, psychological distress, attitudes and beliefs) (New Zealand Acute Low Back Pain 
Guide, 2004), but no specific stress-based interventions are recommended in these guidelines 
(Van Tulder et al., 2006; Chou et al., 2007; Koes et al., 2010). Findings from this thesis 
challenge the way psychosocial factors are viewed in current guidelines and suggest that more 
specific assessments are needed to inform the clinical approach to acute and persistent LBP. 
Indeed, findings from this thesis demonstrate that stress is common in individuals with 
persistent  LBP  and  that  stress  may  be   related to poor recovery over time. Thus, these data  
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suggest  that  the  assessment  of  psychological stress is likely to be of  central importance in 
clinical practice, especially during the early stages of LBP in order to facilitate early 
intervention and potentially prevent the development of pain persistence in the future.  
Second, this thesis provides evidence that stress is commonly experienced in people with 
persistent LBP, and that it is a complex and multifaceted experience. Therefore, the assessment 
of stress requires a comprehensive and in-depth evaluation, taking into account pain-related 
beliefs, environmental stressors, internal negative cognition, self-appraisal and duration of 
stress, pain coping strategies and instrumental life skills. Given that stressors vary across 
individuals, understanding and identifying the primary stressors for each individual, as well as 
an individual’s ability to manage and cope with those stressors, are important steps toward 
patient-centred interventions.  
Third, findings from this thesis also highlight the need for introducing stress-management 
programs in patients who present with high levels of stress. Stress-management interventions, 
such as problem versus emotion-focused approaches, diaphragmatic breathing and progressive 
muscle relaxation, cognitive behavioural therapy (i.e. training to change pain-related thoughts 
and behaviours) and mindfulness-based stress reduction have been investigated in pre-
prosthetic oral surgery (Martelli, Auerbach, Alexander, & Mercuri, 1987), non-specific neck 
pain (Metikaridis, Hadjipavlou, Artemiadis, Chrousos, & Darviri, 2016), and persistent LBP 
(Cherkin et al., 2016) respectively, providing positive results. Nevertheless, stress-management 
interventions are limited to persistent pain populations and have not been investigated in the 
acute  stage  of LBP.  Findings  from  the  present  thesis  suggest  that individuals who do not 
recover from LBP after 6-months have impaired HPA function during the acute stages of their 
LBP,  which  may  reflect  the  presence  of  chronic  psychological stress. Thus, assessing and  
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integrating stress management interventions in the acute stages of LBP may contribute to the 
prevention of persistent LBP in those individuals who exhibit vulnerability to stress.    
 
6.5 Limitations 
Limitations specific to individual studies are discussed within their respective chapters 
(Chapter 2-5). Thus, the limitations presented here are those relevant to the framework of this 
thesis as a whole. First, in Study 2 the subjective experience of stress was framed by both social 
and cultural contexts in which the study was conducted, therefore results are specific to the 
study population and are difficult to apply to other groups with LBP (Thompson & Baker, 
2008). Second, it is not possible to claim that all potential viewpoints were elicited from Study 
2 (Dziopa & Ahern, 2011). Nevertheless, despite the limited generalisability of the findings, 
the subjective exploration of stress using the Q-methodology in conjunction with the use of 
validated questionnaires, has increased data validity, allowing the generation of new 
knowledge that broadens knowledge in this field. 
Second, Studies 3 and 4 were based on relatively small sample sizes, which may have precluded 
the detection of differences in pain processing in Study 3 and differences in morning cortisol 
levels between groups in Study 4. Further, findings from Study 4 may have incurred inflated 
effect sizes, since studies with small sample sizes are often subject to sampling variation and 
random error (Button et al., 2013). However, as no previous studies have investigated similar 
research questions, findings from Studies 3 and 4 are regarded as preliminary investigations, 
based on convenience sample sizes.  Therefore, it is recommended that findings from Study 3 
and 4 are taken with caution and that further studies with larger sample sizes will use the data 
from the present thesis to generate sample size estimates in order to confirm the current results. 
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Other limitations of Study 3 concern the use of physiological tests to examine pain processing  
based  on  the  subjective  perception of  pain  threshold (i.e. thermal and pressure threshold 
and conditioned pain modulation). Although valid and standardised assessment tools were 
chosen, these tests may have been conducted alongside more objective neurophysiological 
tests, for example using the nociceptive flexion reflex (Skljarevski & Ramadan, 2002). Further 
limitations concern the choice of the DASS-21 to measure stress in Studies 3 and 4. Although 
considered a well-established scale to measure psychological symptoms in clinical populations 
(Brown, Chorpita, Korotitsch, & Barlow, 1997; Page, Hooke, & Morrison, 2007), this scale 
did not allow assessment of the duration of symptoms or other important aspects of stress, such 
as stress appraisal or the individual ability to cope with stress. Further, lack of blinding during 
data collection and data analysis in Study 3 and 4 may have introduced potential bias and, 
therefore, affected the internal validity of the results. Future studies should consider blinding 
practices during the assessments and data analysis. Finally, in Study 4 many participants were 
excluded from the analysis, due to low compliance during data collection. In fact, the detailed 
diary log (e.g. requiring sampling collection time, food intake and sleep quality) and the 
precision in salivary collection required caused some participants to refuse to participate, to 
withdraw after the first testing session or to be excluded because of errors during salivary 
sampling. However, the approach taken was necessary to control for sampling accuracy and to 
ensure collection of reliable data (Stalder et al., 2016). Future longitudinal investigations of 
LBP cohorts with bigger sample sizes and higher compliance during cortisol collection are 
warranted.  
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6.6. Directions for future research 
Although findings from Studies 1-4 have provided an understanding of the subjective 
experience  of LBP  as well as the physiological role of stress in the development of persistent 
LBP, studies’ limitations need to be addressed in future research. Specifically, there is an 
impellent need for epidemiological studies that investigate the causal impact of psychological 
stress on the development of persistent LBP in adulthood. Further, future longitudinal 
observational studies would benefit from addressing the limitations and recommendations 
outlined in the systematic review (Chapter 2), for example controlling for appropriate 
confounding factors and use of valid and standardised assessment tools to measure 
psychological stress.  
Second, in persistent LBP stress appears to be very common (Chapter 3). Thus, further studies 
are warranted to identify the best strategies and programmes to reduce and manage high levels 
of stress in this population and to examine whether reducing stress improves pain coping and 
pain perception in individuals with persistent LBP. Similarly, in acute LBP, stress appears to 
be experienced more frequently when an individual presents with comorbid persistent MDs 
(Chapter 4). However, it remains unclear whether stress is a cause or a consequence of having 
other MDs. Thus, further research is warranted to understand the sources of stress (i.e. 
stressors) in people with MDs when they experience a new, acute episode of LBP and whether 
reducing stress in individuals with existing MDs reduces the risk of developing a new episode 
of LBP. Finally, longitudinal studies involving larger samples are required to confirm the 
findings from Study 4, in particular whether impaired HPA function in the acute stage of LBP 
is followed by a lack of pain recovery and whether cortisol dysregulation reflects high levels 
of chronic psychological stress in people with acute LBP.  
Chapter 6 
 
 
161 
 
 
To conclude, research on stress requires a multidimensional approach, with assessment tools 
that should measure the source of stress (major adverse events vs. minor daily annoyances), 
the individual context, duration of stress symptoms, individual appraisal of stress (e.g.  
challenge vs threat and the ability to experience beneficial stress) and emotions elicited by 
stress, and the individual’s ability to cope (Lazarus, 1990; Miller et al., 2007). This view has 
been previously suggested in the literature in order to move past a simplistic input-output 
assessment of stress and towards a set of measures each related to a specific aspect of stress. 
As the available evidence identified in Study 1 has primarily used unidimensional assessments 
of stress, and data from Study 2 confirmed the multidimensional experience of stress, further 
longitudinal observational studies examining stress using more appropriate and comprehensive 
assessment tools are required to deepen our understanding of the role of stress in the 
development of persistent LBP.   
 
6.7 Conclusion 
This thesis identified a paucity of literature on the aetiological role of stress in the development 
of persistent LBP. In addition, findings from primary research studies provided evidence that 
stress is commonly experienced in both acute and persistent LBP. During persistent LBP, stress 
varies across individuals and stressors can be both pain and non-pain related. In acute pain, 
stress is more frequently reported when an individual presents with comorbid persistent MDs 
outside the low back. However, this is not associated with altered pain processing, suggesting 
that poor psychological health, but not increased pain processing, distinguishes individuals 
with comorbid musculoskeletal pain from those with single site pain when LBP is acute. 
Conversely, this thesis provided evidence that impaired HPA function and stress-related 
symptoms during  the  acute  stages  of  LBP  may contribute to LBP persistence. These results   
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has  led  to  the  conclusion  that  psychological  and  neurophysiological stress-related factors 
may represent some of the mechanisms underpinning persistent LBP. Further research is 
required to confirm these findings, in particular using longitudinal designs with larger sample 
sizes. If confirmed, the data generated from this thesis may lead, in the future, to the 
development of stress-management programs tailored for those individuals with significant 
levels of stress during the acute stage of LBP that can help in preventing the development of 
this long-lasting debilitating condition.
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Appendix A2. Table S1 MEDLINE search strategy   
 
1 burden.mp.  
2 psycho* distress.mp.  
3 exp burnout/  
4 demand*.mp.  
5 exp mental load/ or exp mental stress/ or mental strain.mp.  
6 caregiver burden/ or psycho* burden.mp.  
7 exp emotional stress/  
8 mental suffering.mp.  
9 mental strain.mp.  
10 psycho* exertion.mp.  
11 mental fatigue.mp.  
12 psycho* strain.mp.  
13 mental stress/ or family stress/ or stress*.mp. or emotional stress/ or life stress/ or 
social stress/ or school stress/ or environmental stress/ 
14 cohort.mp. or exp risk factor/  
15 predictor.mp. or exp prediction/  
16 longitudinal.mp. or exp longitudinal study/  
17 14 or 15 or 16  
18 musculoskeletal disorder*/ or fibromyalgia/ or musculoskeletal pain/ or myofascial 
pain/ or jaw pain/ or heel pain/ or hip pain/ or ankle pain/ or shoulder pain/ or limb 
pain/ or tendinitis/ or low back pain/ or complex regional pain syndrome/ or hand 
pain/ or foot pain/ or spinal pain/ or pain.mp. or neck pain/ or leg pain/ or pain/ or 
face pain/ or musculoskeletal chest pain/ or chronic pain 
19 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13  
20 17 and 18 and 19 
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Appendix A2.   
Table S2 Information on methodological quality checklist for each study 
 
Participant selection and characteristics 
 
1. Was the 
study 
population 
clearly 
specified 
and 
defined? 
2. Was the 
participation rate of 
eligible persons at least 
50%? 
3. Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)?  
4. Did the authors 
attempt to collect 
information on 
participants who 
dropped out? 
5. Are there 
important 
differences 
between 
participants who 
completed the 
study and those 
who did not?  
6. Was loss to 
follow-up after 
baseline 20% 
or less 
 
Harris  
et al. 
(2013) 
 
Cohort of 
ageing 
women   
 
42000 women were 
recruited, 14099 
responded to the initial 
invitation 
 
Subjects were part of the 
Australian Longitudinal 
Study on Women’s Health. 
Women were selected in 
1996 and assessed in 2001, 
2004 and 2007  
 
Intensive tracking 
and follow-up 
methods are 
described in Lee et 
al (2005) 
 
Non-respondents 
had less 
education, not 
born in Australia, 
current smoker 
and with poorer 
health (C. Lee et 
al., 2005) 
 
~ 5.2% of 
baseline 
respondents (= 
11220 subjects)  
Kopec  
& Sayre 
(2004) 
Adults free 
of arthritis 
or 
rheumatism 
at baseline 
19,600 were selected and 
14117 participated in the 
study 
Subjects were part of the 
Canadian National 
Population Health Survey, 
during 1994/95, 1996/97 and 
1998/99 
Steps were taken to 
identify non-
respondents at 
follow up (Tambay 
& Catlin, 1995) 
Non-respondents 
were younger, 
with lower socio-
economic status 
~ 3.4%  
Kopec  
& Sayre 
(2005) 
Cohort free 
of back 
pain at 
baseline 
19,600 were selected and 
14117 participated in the 
study 
Information collected from 
the Canadian National 
Population Health Survey, 
during 1994/95, 1996/97 and 
1998/99 
Steps were taken to 
identify 
movers and find 
them (Tambay & 
Catlin, 1995) 
Non-respondents 
were younger, 
with lower socio-
economic status 
~ 16%  
Palmlof  
et al. 
(2012) 
Residents 
of 18-84 
years old 
living in 
Stockholm 
County 
A sample of 50 067 
residents were randomly 
selected and  the  
longitudinal study is 
based on 23 794 subjects 
This longitudinal study is 
based on the Stockholm 
Public Health Cohort. 
Baseline assessment was 
between 2002 and 2003. 
Follow up in 2007 
Authors sent 
reminders to those 
who did not respond 
(Svensson et al., 
2013) 
Not reported ~ 20.7 % 
Shaidi  
et al. 
(2015) 
Healthy 
cohort of 
office 
workers 
(18-65 
years old) 
227 subjects were 
assessed for eligibility 
and 171 completed 
baseline assessment  
Participants from the Denver 
metropolitan 
area (timeframe not 
specified) 
Not reported Not reported  ~ 2.3 % 
Aggarwal 
et al. 
(2010) 
Adults  
who were 
identified 
from a 
general 
practice in 
England 
From 4200 persons 
invited to participate, 
2505 returned completed 
questionnaires at 
baseline. 
Subjects registered with a 
general medical practice in 
Handforth (UK). Subjects 
completed a postal 
questionnaire between 
September 2003 and June 
2004 
A short 
questionnaire was 
sent to subjects who 
did not respond at 
follow-up 
Not reported ~ 47% (the 
adjusted rate 
was 13 %) 
Generaal 
et al. 
(2016) 
Adults with 
and without 
depression 
or anxiety 
2213 subjects from of 
chronic multisite 
musculoskeletal pain at 
baseline were selected 
and 2039 had follow-up 
data  
Longitudinal data are from a 
Netherlands cohort study, 
collected between 2004 and 
2007, with follow-up 
assessments 2, 4 and 6 years 
later 
Not reported Non respondents 
had more often a 
lifetime 
depressive and/or 
anxiety disorder 
~ 7.9% of the 
whole sample 
(total 2213 
subjects) 
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Table S2 continued 
 
Methodology and statistical analysis 
 
7. Was the 
research 
question or 
objective in this 
paper clearly 
stated? 
8. Were inclusion 
and exclusion 
criteria for being in 
the study pre-
specified and 
applied uniformly 
to all participants? 
9. Was the 
timeframe 
sufficient 
so that one 
could 
reasonably 
expect to 
see an 
association 
between 
exposure 
and 
outcome if 
it existed? 
10. For the 
analyses in this 
paper, were 
the exposure(s) 
of interest 
measured 
prior to the 
outcome(s) 
being 
measured? 
11. Were losses 
of patients to 
follow-up 
taken into 
account in the 
analysis? 
12.  Were key 
potential 
confounding 
variables 
measured and 
adjusted 
statistically for 
their impact on 
the 
relationship 
between 
exposure(s) 
and 
outcome(s)? 
13. Was a 
sample size 
justification, 
power 
description, 
or variance 
and effect 
estimates 
provided?  
 
Harris  
et al.  
(2013) 
 
To examine 
longitudinally 
the relationship 
between perceived 
stress and arthritis 
 
Inclusion: women 
who were selected 
from the national 
health database, 
which includes all 
Australian citizens 
and permanent 
residents (C. Lee et 
al., 2005) 
 
Yes 
 
Stress was measured at 
baseline and during 
follow-ups, whilst the 
diagnosis of arthritis 
was examined at the 
last follow up 
 
Not 
reported 
 
Yes 
 
Details on 
sample size 
justification 
are provided 
elsewhere 
(W. J. Brown 
et al., 1998) 
Kopec  
& Sayre  
(2004) 
To determine if 
adverse 
experiences in 
childhood 
increase the risk 
of self-reported 
arthritis or 
rheumatism 
Inclusion: residents 
in all provinces and 
territories, except 
persons living on 
Indian Reserves, on 
Canadian Forces 
Bases 
Yes A history of stressful 
childhood events was 
assessed at baseline  
whilst the outcome at 
follow up 
Not 
reported 
No Details on 
sample size 
justification 
are provided 
elsewhere 
(Tambay & 
Catlin, 1995) 
Kopec  
& Sayre  
(2005) 
To determine if 
adverse stressful 
experiences 
in childhood and 
adolescence 
increase the risk 
of chronic back 
problems later in 
life 
Inclusion: residents 
in all provinces, 
except persons 
living on Indian 
Reserves, on 
Canadian Forces 
Bases. Exclusion: 
presence of back 
problems, arthritis, 
injury to the back  
Yes A history of stressful 
childhood events was 
assessed at baseline  
whilst the outcome at 
follow up 
Not 
reported 
Yes  Details on 
sample size 
justification 
are provided 
elsewhere 
(Tambay & 
Catlin, 1995) 
Palmlof  
et al.  
(2012) 
To assess the sex-
specific role of 
disposable income 
for onset and 
prognosis of neck 
pain and if 
economic stress 
influences such 
potential 
associations 
Not reported Yes The question related to 
economic stress was 
assessed at baseline 
whilst the outcome at 
follow up 
Not 
reported 
No Details on 
sample size 
justification 
are provided 
elsewhere 
(Svensson et 
al., 2013) 
Shaidi  
et al. 
(2015) 
To identify 
modifiable 
psychosocial, 
physical, and 
neurophysiologica
l risk factors for 
the initial onset of 
chronic, 
nonspecific neck 
pain  
Inclusion: 
participants within 3 
months of their date 
of hire in a new job. 
Exclusion: signs of 
structural pathology, 
history of 
musculoskeletal 
pain in more than 4 
body regions, 
systemic illness 
Yes Perceived Stress Scale 
was assessed at 
baseline  whilst the 
outcome at follow up 
Not 
reported 
No Not reported 
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Table S2 continued 
 
 Methodology and statistical analysis 
  
7. Was the research 
question or 
objective in this 
paper clearly 
stated? 
 
8. Were 
inclusion and 
exclusion 
criteria for 
being in the 
study pre-
specified and 
applied 
uniformly to 
all 
participants? 
 
9. Was the 
timeframe 
sufficient so 
that one could 
reasonably 
expect to see 
an association 
between 
exposure and 
outcome if it 
existed? 
 
10. For the 
analyses in this 
paper, were the 
exposure(s) of 
interest measured 
prior to the 
outcome(s) being 
measured? 
 
11. Were 
losses of 
patients to 
follow-up 
taken into 
account in 
the analysis? 
 
12.  Were key 
potential 
confounding 
variables 
measured and 
adjusted 
statistically for 
their impact on 
the 
relationship 
between 
exposure(s) 
and 
outcome(s)? 
 
13. Was a 
sample size 
justificatio
n, power 
description
, or 
variance 
and effect 
estimates 
provided?  
 
Aggarwal 
et al. 
(2010) 
 
To test if self-
reported mechanical 
factors would 
predict the onset of 
COFP 
and if any observed 
relationship would 
be independent of 
the confounding 
effects of 
psychosocial factors  
 
Not reported 
 
Yes 
 
Exposures were 
measured at baseline 
in those 
who were free from 
COFP,  whilst the 
outcome at follow 
up 
 
Yes 
 
Yes 
 
Not 
reported 
Generaal  
et al. 
(2016) 
Study examines 
whether function of 
biological stress 
system, adverse life 
events, and the co-
occurrence of both 
predicted the onset 
of chronic multisite 
musculoskeletal 
pain 
Inclusion 
criteria: subjects 
free of chronic 
multisite 
musculoskeletal 
pain at baseline. 
Exclusion 
criteria can be 
found elsewhere 
(Penninx et al., 
2008) 
Yes The number of 
adverse life events 
was assessed at 
baseline. The list 
assessed 12 recent 
life stressors in the 
year preceding  
baseline  
Not reported Yes Details on 
sample size 
justification 
are 
provided 
elsewhere 
(Penninx et 
al., 2008) 
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Table S2 continued 
 
Assessment tools and funding 
  
14. For exposures 
that can vary in 
amount or level, did 
the study examine 
different levels of the 
exposure as related 
to the outcome ? 
 
15. Were the 
exposure 
measures  clearly 
defined, valid, 
reliable, and 
implemented 
consistently 
across all study 
participants? 
16. Was the 
exposure(s) assessed 
more than once over 
time? 
17. Were the 
outcome measures 
clearly defined, 
valid, reliable, and 
implemented 
consistently across 
all study 
participants? 
18. Were the 
outcome assessors 
blinded to the 
exposure status of 
participants? 
19.  Was the source of 
funding provided? 
 
 
Harris  
et al.  
(2013) 
 
Perceived stress was 
categorised in 
minimal/moderate-
high stress 
  
Yes 
 
Questionnaire on 
stress were repeated 
at all follow ups  
 
Arthritis was 
defined as those 
women who 
reported being 
diagnosed with or 
treated for any form 
of arthritis in the 
past 3 years.  
 
Not reported 
 
Funded by the 
Australian 
Government 
Department of Health 
and Ageing 
Kopec  
& Sayre 
(2004) 
The summary index 
of the list of 
childhood stressful 
experiences 
was a 3-level ordinal 
scale 
 No  Only at baseline Respondents were 
asked whether they 
were diagnosed with 
arthritis or 
rheumatism (lasting 
6 months or longer).  
Not reported Funded by the 
Canadian Population 
Health Initiative 
Kopec  
& Sayre 
(2005) 
The summary index 
of the list of 
childhood stressful 
experiences 
was a 3-level ordinal 
scale 
 No  Not reported Respondents were 
instructed to report 
only long-term 
problems, defined as 
those that lasted or 
were expected to 
last 6 months or 
longer.  
Not reported Funded by the 
Canadian Population 
Health Initiative 
Palmlof  
et al.  
(2012) 
Economic stress was 
categorised only in 
no/yes answer 
 No  Only at baseline Long duration neck 
pain was assessed in 
accordance with 
Bone and Joint Neck 
Pain Task Force 
Not applicable 
as authors used 
postal 
questionnaires 
Funded by the 
Stockholm County 
Council and 
Karolinska Institutet 
Shaidi  
et al.  
(2015) 
Not reported  Yes Only at baseline Chronic interfering 
neck pain, defined 
by a score ≥ 5 on the 
Neck Disability 
Index for three 
months or longer   
Not reported Supported by NIH 
R01 AR056704 
Aggarwal  
et al.  
(2010) 
The number of 
adverse life events 
was divided in three 
categories 
 Yes Only at baseline Chronic OFP was 
defined as pain in 
the face, mouth or 
jaws, present for one 
day or longer in the 
past month and for 
at least three months 
or longer. The 
definition of chronic 
OFP has been 
previously validated 
Not reported Funded by a grant 
from BackCare (UK) 
Generaal  
et al. 
(2016) 
The number of 
adverse life events 
was divided in three 
categories 
 
Yes Follow-up 
assessments 
happened 2 years, 4 
years and 6 years 
following baseline 
Chronic Pain Grade 
was used to define 
chronic multisite 
musculoskeletal 
pain and it is a valid 
tool 
Not reported Funded by different 
grants (e.g. European 
League Against 
Rheumatism EULAR) 
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Appendix A3.  
Table S3 Factor values of each statement for all seven factors 
         
  Statements F1 F2 F3 F4 F5 F6 F7 
1 I worry too much -1 3 2 1 3 -2 4 
2 I find it easy to relax during my free time 3 1 -2 -3 -4 1 1 
3 I struggle to accept my pain 1 -3 4 -1 -2 1 2 
4 I feel uncertain about what causes my pain 2 -1 0 -1 -2 2 1 
5 The best way to deal with problems is to avoid thinking about them -5 0 -5 0 -2 0 -4 
6 My back pain is spreading throughout my body -4 3 3 2 0 3 0 
7 I find it easy to make decisions 4 -4 0 -5 3 0 -2 
8 I think that I will live all my life with pain 4 4 5 0 1 5 3 
9 Pain slows me down 3 5 4 3 4 3 -2 
10 I often think about past negative experiences 1 0 3 -1 1 1 5 
11 I worry about how other people perceive me -1 -5 1 2 0 -5 5 
12 My pain is unpredictable 3 -2 0 0 4 3 -3 
13 I am always cautious during my activities because of pain 5 5 2 0 1 1 3 
14 I worry about my personal appearance 1 -3 -4 1 3 0 4 
15 I feel overwhelmed -1 -1 2 5 -1 0 1 
16 I often experience feelings of guilt -5 1 1 1 -1 -2 3 
17 I feel frustration about not being able to do things I previously used to do because of pain 3 4 4 3 2 -1 -1 
18 I feel like I do not have control of my life -3 -1 2 5 -5 -3 2 
19 I often feel anxious -3 2 3 3 3 1 4 
20 I am less able to enjoy my daily activities because of pain 0 3 3 3 -4 4 -3 
21 I feel like I am a burden to others because of my pain -2 1 3 -1 -5 -1 -2 
22 I have feelings of being trapped by my responsibilities -2 1 -1 4 -1 -1 0 
23 I easily become irritable for no apparent reasons -3 2 -1 2 1 4 -1 
24 I feel healthy despite my back pain 5 3 -5 -2 2 5 2 
25 I sleep enough 0 -3 -3 -5 -3 0 -2 
26 I am currently experiencing family worries -4 -4 0 4 4 -5 2 
27 I have problems in relationships outside my family -3 -4 1 -1 1 -2 -2 
28 Pain affects my family life -2 -1 1 -1 2 3 -1 
29 Work does not affect my family life 2 -3 -2 -3 0 2 0 
30 I have enough time for myself -1 2 1 -4 -3 2 -1 
31 I need someone to understand what pain has done to me 0 0 0 1 1 3 -5 
32 I often depend on substances (i.e. alcohol or nicotine or food or drugs) to feel better -4 -2 1 -3 5 0 -3 
33 I feel that I have enough resources to overcome my problems 2 -2 -1 -4 0 -3 1 
34 I recognise when I am not coping well 0 2 -1 2 0 0 2 
35 I do not have to worry about my finances 2 -5 -2 -3 -4 -4 0 
36 I am experiencing high family demands (i.e. someone to look after or domestic responsibilities) -2 -1 -1 1 3 -4 -4 
37 I regularly take part in physical activities to reduce my pain 4 4 -2 -2 -3 -2 -1 
38 I know how to manage my pain 3 3 -3 -2 0 0 -3 
39 Managing my pain limits my life -1 2 5 0 -1 -2 -5 
40 I recently experienced changes in living conditions that affects my well-being -3 -2 0 -2 -2 2 3 
41 My pain prevents me from working as I used to 1 1 2 0 -1 1 -4 
42 I am able to utilize my skills and talents to the fullest extent at work 0 0 -4 -2 5 -1 0 
43 I can take it easy and still get my work done 0 1 0 -4 0 -1 -1 
44 I get enough support at work 0 0 0 -3 2 -3 0 
45 I have a high level of responsibility at work 2 -2 -3 2 2 -3 1 
46 I often experience a lack of variety at work -1 0 -4 0 -1 2 0 
47 I frequently have to work late 1 -1 -2 0 0 -3 3 
48 I feel that my job is negatively affecting my physical well-being 0 0 -3 1 -3 -4 1 
49 I feel that my job is negatively affecting my emotional well-being -2 0 -1 4 -2 -1 0 
 50 I often experience high physical activity at work 1 -3 -3 3 -3 4 -3 
         
 
 
 
 
 
Appendices 
 
 
207 
 
 
Appendix A3.  
Figure S1 Grid developed for the Q sorting activity 
 
Strongly disagree                                              Neutral                                                     Strongly agree 
-5 -4 -3 -2 -1 0 1 2 3 4 5 
                      
                      
                    
                  
                  
              
            
            
 
 
 
 
 
